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jThe  traditional  view  treats  metaphor  as  a comparison.  Because  this  view  ^ c.^ 
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DO  I jaITtI  1473  L~  EDITION  OF  I NOV  At  It  OStOLET 
* S/N  01 02-LF-01 4-6601 


UNCLASSIFIED 

SECURITY  classification  of  this  RAGE  'Whin  Dmlt  Enter'd, 


-flfj  auilUors 
yrp  p£is,-<t 


1TW<  \ 

t<'»5  - -V^ 


a variant  of  thia  view:  in  metaphor  .j^re^ee^s  concept  from  one  class  in 
terms  of  a concept  from  another  class.1 view  requires  that  the  similarity 
(or  distance)  of  the  two  concepts  be  analyzed  into  two  components:  (a)  the 
degree  to  which  two  concepts  occupy  dissimilar  positions  with  respect  to 
their  category  or  domain  (which call  wlthln-domaln  distance);  and  (b)  the 
degree  to  which  the  categoriea  themselves  are  dissimilar  (which  we-fcall 
between-domain  distance) . 

Each  of  the  views  makes  predictions  about  the  relations  among  similarity, 
aptness,  and  comprehensibility  in  metaphor  .j?  Aptness  or  qualitv,  according 
to  the  comparison  theorists  and  some  anomaly  theorists,  may  be  positively 
affected  by  overall  similarity;  or,  according  to  other  anomaly  theorists, 
aptness  may  be  adversely  affected;  or  finally,  these  two  effects  may  combine 
so  that  intermediate  levels  of  overall  similarity  produce  the  best  metaphors. 
We  propose  a model  based  on  the  distinction  between  the  two  components  of 
overall  distance;  more  distance  between  domains  but  less  distance  within 
domains  makes  for  good  metaphors.  Two  further  assumptions  shared,  in  one 
form  or  another,  by  most  theorists,  are  that  comprehensibility  makes  for 
aptness  and  that  similarity  makes  for  comprehensibility.  We  undertook 
several  studies  to  test  these  positions. 

We  scaled  distances  among  stimuli  from  eight  domains,  using  the  ratings  of 
nine  groups  of  subjects.  The  similarity  of  the  dimensional  structure  of  the 
eight  domains  supported  the  notion  that  dimensions  applying  in  one  domain 
correspond  to  dimensions  in  other  domains. 

In  Experiment  1,  we  obtained  ratings  of  the  aptness  of  64  metaphors  from  one 
group  of  subjects  and  ratings  of  their  comprehensibility  from  another  group. 
Aptness  related  positively  to  between-domain  distance,  negatively  to  wlthln- 
domaln  distance,  but  not  at  all  to  overall  distance.  Comprehensibility  re- 
lated strongly  to  aptness. 

In  Experiment  2,  subjects  ranked  a set  of  alternatives  as  possible  completions 
of  metaphors.  In  one  group,  all  the  possible  completions  were  from  a single 
domain;  in  the  other  group,  all  were  from  different  domains.  In  both  groups, 
the  rank  order  of  the  wlthin-domain  distances  of  a set  of  alternatives  ac- 
corded well  with  the  relative  popularity  of  the  alternatives.  Quantitative 
predictions,  using  a choice  model  patterned  after  that  proposed  by  Rumelhart 
and  Abrahamson,  fared  well  for  the  group  in  which  all  the  choices  in  a set 
came  from  a single  domain,  but  fared  very  poorly  in  the  group  in  which  all  the 
choices  in  a set  came  from  different  domains. 

^ ) '4 

>0fverall,  the^f  indings  consistently  supported  wr^doma  ins- interact  ion  view  over 
'ou^’ versions  of  the  comparison  and  anomaly  views. 
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Abstract 

The  traditional  view  treats  metaphor  as  a comparison.  Because  this 
view  has  difficulty  in  explaining  the  basis  of  the  supposed  comparison,  the 
source  of  the  surprise  that  metaphors  often  engender,  and  the  role  of  dis- 
similarity in  metaphor,  two  other  theories  have  been  proposed.  One  of  them  ’ 

treats  metaphors  as  anomalies— intentional  mistakes— the  theorists  differ- 
ing on  the  nature  of  the  mistake  involved.  The  other  view  treats  metaphors 
as  interactions,  in  which  one  concept  is  somehow  seen  in  terms  of  another. 

We  propose  a variant  of  this  view:  in  metaphor,  we  see  a concept  from  one 
class  in  terms  of  a concept  from  another  class.  Our  view  requires  that  the 
similarity  (or  distance)  of  the  two  concepts  be  analyzed  into  two  compo- 
nents: (a)  the  degree  to  which  two  concepts  occupy  dissimilar  positions 

with  respect  to  their  category  or  domain  (which  we  call  within-domain  dis- 
tance); and  (b)  the  degree  to  which  the  categories  themselves  are  dissimilar 
(which  we  call  between-domain  distance). 

Each  of  the  views  makes  predictions  about  the  relations  among  similar- 
ity, aptness  and  comprehensibility  in  metaphor.  Aptness  or  quality,  according 
to  the  comparison  theorists  and  some  anomaly  theorists,  may  be  positively  af- 
fected by  overall  similarity;  or,  according  to  other  anomaly  theorists,  apt- 
ness may  be  adversely  affected;  or  finally,  these  two  effects  may  combine  so 
that  Intermediate  levels  of  overall  similarity  produce  the  best  metaphors. 

He  propose  a model  based  on  the  distinction  between  the  two  components  of 
overall  distance:  more  distance  between  domains  but  less  distance 

within  domains  makes  for  good  metaphors.  Two  further  assumptions  shared,  in 
one  form  or  another,  by  most  theorists,  are  that  comprehensibility  makes  for 
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aptness  and  that  similarity  makes  for  comprehensibility. 

We  undertook  several  studies  to  test  these  positions. 

We  scaled  distances  among  stimuli  from  eight  domains,  using  the  rat- 
ings of  nine  groups  of  subjects.  The  similarity  of  the  dimensional  struc- 
ture of  the  eight  domains  supported  the  notion  that  dimensions  applying  in 
one  domain  correspond  to  dimensions  in  other  domains. 

In  Experiment  1,  we  obtained  ratings  of  the  aptness  of  64  metaphors 
from  one  group  of  subjects  and  ratings  of  their  comprehensibility  from 
another  group.  Aptness  related  positively  to  be tween-domain  distance, 
negatively  to  within-domain  distance,  but  not  at  all  to  overall  distance. 
Comprehensibility  related  strongly  to  aptness. 

In  Experiment  2,  subjects  ranked  a set  of  alternatives  as  possible 
completions  of  metaphors.  In  one  group,  all  the  possible  completions  were 
from  a single  domain;  in  the  other  group,  all  were  from  different  domains. 

In  both  groups,  the  rank  order  of  the  within-domain  distances  of  a set  of 
alternatives  accorded  well  with  the  relative  popularity  of  the  alternatives. 
Quantitative  predictions,  using  a choice  model  patterned  after  that  proposed 
by  Rumelhart  and  Abrahamson,  fared  well  for  the  group  in  which  all  the 
choices  in  a set  came  from  a single  domain,  but  fared  very  poorly  in  the 
group  in  which  all  the  choices  in  a set  came  from  different  domains. 

Overall,  the  findings  consistently  supported  our  domalns-lnteractlon 
view  over  our  versions  of  the  comparison  and  anomaly  views. 
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Aptness  in  Metaphor 

The  traditional  view  holds  that  a metaphor  is  a comparison,  a simile 
stripped  of  its  explicit  comparative  apparatus.  Because  the  comparative 
phrasing  is  left  out,  the  metaphor  appears  as  something  other  than  a com- 
parison, such  as  a substitution  ("anger  consumed  him")  or  identification 
("Jealousy  is  a green-eyed  monster").  Brooke-Rose  (1958)  lists  a number 
of  the  grammatical  forms  that  metaphors  take;  none  of  them  involve  com- 
parison overtly,  although  implicitly,  the  traditional  view  holds,  all  met- 
aphors are  in  fact  making  a comparison.  Aristotle  (Poetics,  xxi,  7ff; 
Rhetoric.  Ill,  ii,  7ff.),  the  source  of  this  comparison  theory,  also  pro- 
posed that  the  terms  of  a metaphor  are  members  of  a common  category. 

Thus,  "jealousy"  (the  subject,  or  tenor,  of  the  metaphor)  and  "green-eyed 
monster"  (the  object  to  which  the  subject  is  compared,  or  the  vehicle  of 
the  metaphor)  both  belong  to  some  higher-level  category,  perhaps,  in  this 
case,  destructive  forces.  This  common  category  membership  reveals  the 
basis  of  the  comparison  (the  ground  of  the  metaphor).  A related  view  of 
the  ground  of  metaphor  holds  that  the  tenor  and  vehicle  share  some  char- 
acterlstlcs  or  features;  these  common  features  form  the  ground  of  the 
comparison.  Almost  all  theorists— even  those  who  do  not  believe  other  as- 
pects of  the  comparison  view — assume  that  the  ground  of  a metaphor  con- 
sists of  a common  category  membership  or,  equivalently,  a set  of  shared 

features  (Basso,  1976;  Bickerton,  1969;  Chomsky,  1964;  Guenther,  1975; 

■ 

Malgady  and  Johnson,  1976;  Tversky,  1977;  Van  Dijk,  1975;  Ortony,  in 

press). 

There  are  two  chief  rivals  to  the  comparison  view.  One  of  these  is 
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the  anomaly  view,  the  view  that  metaphor  is  intentional  or  unintentional 
mistake.  The  postulated  -'mistake"  derives  from  the  implicitness  of  the 
comparison  a metaphor  makes.  Overtly,  the  metaphor  may  appear  as  an  iden- 
tification ("jealousy  _is  a monster").  As  an  identification,  the  metaphor 
is  false,  even  absurd.  The  obvious  dissimilarities  between  tenor  and  ve- 
hicle render  their  identification  anomalous.  If  the  defining  feature  of 
a metaphor  for  the  comparison  theorist  is  the  similarity  of  the  tenor  and 
vehicle,  then  for  the  anomaly  theorist,  it  is  their  differences.  A num- 
ber of  theorists  have  proposed  anomaly  positions  on  metaphor  (e.g.,  Beard- 
sley, 1962;  Bickerton,  1969;  Guenther,  1975;  Percy,  1954;  Van  Dijk,  1975; 
for  related  views,  see  Chomsky,  1964;  and  Katz,  1964);  they  differ  among 
themselves,  however,  in  their  analysis  of  the  postulated  anomaly. 

The  other  rival  to  the  comparison  view  is  the  interaction  view  (Black, 
1962;  Hesse,  1966;  Miles,  1967;  Richards,  1936;  Wheelwright,  1962).  If  the 
comparison  view  stresses  the  similarity  of  tenor  and  vehicle,  and  the  anomaly 
view  stresses  the  dissimilarity,  then  the  interaction  view  emphasizes  both 
equally.  The  interactlonists  argue  that,  in  a metaphor,  the  vehicle  is  a 
template  or  model  that  reshapes  our  perception  of  the  tenor.  This  reorgani- 
sation is  necessary,  because  the  characteristics  that  the  tenor  and  vehicle 
"share"  often  aren't  really  shared  at  all;  the  ground  of  the  metaphor  may 
Itself  be  nonliteral.  "Men  are  wolves"  (in  Black's,  1962,  example)  because 
both  are  predatory,  but,  the  interactlonists  argue,  men  and  wolves  are  pre- 
dators in  different  ways.  There  is,  at  best,  only  a resemblance  between 
predaclty  in  people  and  in  beasts. 


We  support  a version  of  the  Interaction  view  that  we  call  the  domains- 
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interaction  view  (see  Sternberg,  Tourangeau,  & Nigro,  in  press;  Tourangeau 
& Sternberg,  Note  1).  Domains  interactionists  assert  that  in  metaphor  an 
object  in  one  category  or  domain  is  compared  to  an  object  in  another  cate- 
gory or  domain;  the  domain  of  the  vehicle  and  the  characteristics  applying 
within  that  domain  are  the  template  against  which  the  domain  of  the  tenor 
is  matched.  A consequence  of  this  view  is  that  a metaphor  often  asserts  a 
resemblance  between  two  categories  of  objects  rather  than  just  between  two 
objects.  Thus,  Miles  (1967)  observes  that: 

What  is  vital.... in  metaphor  is  the  sense  of  relative  posi- 
tion within  a group  or  class.  If  the  dove  is  a cabbage,  then 

the  tanager  is  a carrot. 

The  interaction  that  gives  the  interaction  view  its  name  is  the  conceptual 
change  that  results  from  seeing  one  thing  in  terms  of  another,  from  seeing 
one  set  of  characteristics  (such  as  predacity  in  wolves)  as  corresponding 
to  another  set  (aggressiveness  in  people).  This  interaction  changes  our 
concepts  of  the  tenor  and  the  vehicle.  Further,  the  domains-interaction 
view  assumes  that  this  conceptual  change  brought  about  by  the  metaphor 
often  Involves  whole  domains. 

There  are  several  difficulties  with  the  traditional  view,  particu- 
larly with  its  proposal  that  a shared  category  membership  forms  the  ground 
of  metaphor.  First,  common  category  membership  is  often  insufficient  ba- 
sis for  a comparison — any  two  things  belong  to  some  common  superordinate 
category.  Of  course,  it  may  well  be  that  most  of  us  can  produce  some 
Interpretation  (l.e.,  some  ground) — however  implausible — for  any  metaphor. 
But  frequently  the  most  obvious  category  memberships  are  Irrelevant  to 
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the  ground.  That  reporters  and  badgers,  for  example,  are  both  animals  is 
plainly  Irrelevant  to  the  interpretation  of  "The  reporters  badgered  the 
politician."  In  response  to  this  difficulty,  some  theorists  have  retained 
the  basic  comparison  framework,  but  have  assumed  that  the  comparison  in- 
volves  only  certain  special  features  or  category  memberships  of  the  tenor 
and  vehicle.  Guenther  (1975),  for  example,  argues  that  only  the  "prominent" 
features  can  form  the  ground  of  metaphors.  This  restriction  explains  how 
Irrelevant  features  or  categories  shared  by  tenor  and  vehicle  can  be  ex- 
cluded from  the  ground — that  reporters  are  animals  (as  are  badgers)  is  left 
out  of  the  ground,  since  that  category  membership  isn't  a prominent  one  for 
reporters.  The  domains-interaction  view  also  suggests  a restriction  on  the 
sort  of  feature  that  can  form  the  ground  of  a metaphor.  The  shared  features 
must  be  among  those  that  give  "the  sense  of  relative  position  within  a 
group."  Seeing  the  ground  of  the  metaphor  means  seeing  two  things  as  having 
similar  positions  or  roles  within  their  domains.  Interaction  theorists 
call  attention  to  a second  difficulty,  noted  earlier.  In  the  comparison 
theorists'  analysis  of  the  ground  of  metaphor.  The  common  category  or 
feature  shared  by  tenor  and  vehicle  is  often  only  shared  metaphorically. 

The  meaning  of  a feature  may  differ  radically  as  it  applies  to  the  tenor 
and  vehicle:  a small  headache  and  a small  tornado  do  not  literally  share 
membership  in  the  category  of  small  things. 

Another  difficulty  with  the  traditional  view  is  that  metaphors  often 
involve  unfamiliar  tenors— tenors  for  which  the  category  memberships  are 
unknown.  Suppose  we  are  describing  Ian  Paisley  to  someone  who  knows  only 
that  Paisley  is  from  Northern  Ireland;  we  might  say,  "Paisley  is  the  George 
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Wallace  of  Northern  Irish  politics."  How  can  the  listener  find  the  cate- 
gories to  which  Paisley  and  Wallace  both  belong,  when  the  listener  doesn't 
know  who  Paisley  is?  Yet,  it  is  likely  that  most  listeners  could  interpret 
this  metaphor,  that  is,  could  infer  its  ground.  One  solution  to  this  diffi- 
culty relies,  once  again,  on  the  notion  that  only  prominent  categories  or  , 

features  (or  some  other  special  subset  of  all  the  categories  or  features) 
can  form  the  ground  of  the  metaphor.  Restricting  ourselves  to  the  promi- 
nent categories,  we  can  infer  the  ones  that  the  vehicle  must  share  with 
the  unfamiliar  tenor — the  categories  or  features  that  must  form  the  ground 
of  the  metaphor.  The  listener  infers  that  Paisley  must  be  a member  of  the 
category  "right-wing  politician,"  because  that  is  the  only  prominent  cate- 
gory associated  with  Wallace  to  which  Paisley  might  also  belong.  The  domains- 
lnteractlon  view  suggests  another  solution  to  this  problem.  According  to 
this  view,  if  we  know  both  the  position  of  .e  vehicle  with  respect  to  its 
category  or  domain  (that  Wallace  is  on  the  extreme  right  of  American  poli- 
tics) and  the  domain  of  the  tenor  (that  Paisley  is  a Northern  Irish  politi- 
cian), then  we  can  infer  the  asserted  position  of  even  an  unfamiliar  tenor 
(that  Paisley  must  also  be  on  the  right,  relative  to  other  Northern  Irish 
politicians) . 

Still  another  difficulty  for  the  comparison  view  is  that  metaphors 
are  often  surprising.  If  they  rely  on  extant  similarity  relations  between 
terms,  how  can  metaphors  seem  so  surprising?  Given  that  we  already  knew 
that  Jealousy  is  monstrous  and  destructive,  why  should  Shakespeare's  meta- 
phor ever  have  seemed  fresh?  A closely  related  difficulty  is  that  metaphors 
involve  not  only  similarity,  but  also  the  residual  dlsanalogy  or  dissimilarity 
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between  tenor  and  vehicle  (sometimes  called  the  tension  of  the  metaphor) . 

The  comparison  view,  although  it  acknowledges  the  presence  of  dissimilarity 
or  tension,  provides  no  analysis  of  its  role  in  metaphor.  Surprise  and 
tension,  left  unexplained  in  the  comparison  view,  are  central  to  the  anomaly 
view — it  is  the  dissimilarity  of  tenor  and  vehicle  (i.e.,  the  tension)  that 
produces  the  anomaly.  And  it  is  the  anomaly  or  incongruity  of  the  metaphor’s 
indent if ication  and  juxtaposition  of  diverse  elements  that  produces  the  sur- 
prise in  the  metaphor.  The  domains- interaction  theory  accounts  for  this 
novelty  by  noting  that  metaphors  do  not  necessarily  rely  on  extant  similari- 
ties between  terms.  In  order  to  see  objects  in  different  classes  as  occupy- 
ing similar  positions,  we  must  align  the  dimensions  or  features  applying 
within  the  one  category  so  that  they  correspond  to  those  applying  within 
the  other  category.  Seeing  Wallace  and  Paisley  as  occupying  analogous 
positions  within  their  domains  requires  that  the  dimension  "right  wing- 
left  wing,"  or  some  analogous  dimension,  apply  to  Northern  Irish  as  well 
as  American  politics.  In  this  example,  the  correspondence  between  the 
dimensions  that  give  the  sense  of  relative  position  in  the  two  domains  i_s 
based  on  extant  knowledge;  the  correspondence  is  based  on  our  knowledge 
that  the  right-left  dimension  applies  to  many  political  domains.  But,  in 
other  cases,  seeing  the  correspondence  between  dimensions  requires  con- 
siderable Interpretive  activity.  In  interpreting  "men  are  wolves,"  for 
example,  we  must  uncover  the  correspondence  between  aggressiveness  in  men 
and  predacity  in  wolves.  Uncovering  this  correspondence — aligning  these 
two  dimensions— takes  interpretive  work.  The  conceptual  Interaction,  the 
reorganization  of  our  view  of  the  domains,  produced  by  the  Interpretive 
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work  is,  according  to  the  domains-interaction  position,  central  to  metaphor. 
Metaphors,  thus,  do  Indeed  produce  novel  and  unexpected  similarities  of  re- 
lative position  within  a class — similarities  Induced  by  this  conceptual 
interaction — but  also  involve  the  perception  of  the  dissimilarity  of  the 
classes  themselves.  Initially,  at  least,  the  domains  of  tenor  and  vehicle 
are  seen  as  dissimilar.  Having  interpreted  the  metaphor,  we  may  come  to 
see  the  domains  as  being  similar;  but  at  the  outset,  the  domains  seem  en- 
tirely unrelated. 

Besides  differing  on  the  nature  of  the  ground,  on  how  we  interpret 
metaphors  with  unfamiliar  tenors,  and  on  the  role  of  dissimilarity  and 
surprise  in  metaphor,  the  three  general  views  on  the  nature  of  metaphor 
suggest  that  different  considerations  affect  aptness  in  metaphors.  For 
all  three  positions,  a central  consideration  is  the  similarity  of  the 
tenor  and  vehicle;  the  three  views  differ,  however,  in  their  analysis  of 
this  similarity. 

Hypotheses  Regarding  Effects  of  Distance  Upon  Aptness 
Hypotheses  Based  on  Overall  Distance 

Some  theorists  taking  the  anomaly  position  favor  incongruity  (e.g., 
Campbell,  1975;  Percy,  1954;  see  also  Wheelwright,  1962,  on  diaphor)  as 
a source  of  aptness.  For  these  anomaly  theorists,  the  incongruity  of  the 
Juxtaposition  of  diverse  elements  in  metaphor  engenders  freshness  and  nov- 
elty of  vision.  Since  the  chief  source  of  the  incongruity  (and  the  result- 
ing novelty)  is  the  overall  distance  or  dissimilarity  between  tenor  and 
vehicle,  then  the  greater  this  dissimilarity,  the  better  the  metaphor. 

Other  theorists  (Chomsky,  1964;  Katz,  1964),  of  a linguistic  bent. 
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emphasize  "grammaticality"  (whether  the  sentence  is  well-formed  syntactically) 
and  comprehensibility.  For  these  theorists,  the  overall  dissimilarity  of  the 
tenor  and  vehicle  produces  grammatical  anomaly;  in  order  to  overcome  this 
anomaly,  special  procedures  are  needed  to  augment  the  grammar  that  applies  to 

r 

"normal"  sentences — sentences,  that  is,  that  can  be  interpreted  literally.  ' 

The  more  serious  the  deviation,  the  more  elaborate  the  special  procedures. 

Extrapolating  from  these  views,  we  might  predict  that  metaphors  are  worse 
when  the  overall  distance  between  tenor  and  vehicle  is  greater,  because,  with 
increasing  dissimilarity,  metaphors  involve  more  serious  grammatical  deviation 
and  so  become  harder  to  understand. 

For  the  comparison  theorist,  the  simplest  hypothesis  is  that  since  a 
metaphor  is  a comparison,  the  closer  the  comparison  (that  is,  the  more  sim- 
ilar the  tenor  and  vehicle),  the  better  the  metaphor.  Although  this  hypo- 

f 

thesis  has  some  empirical  support  (Malgady  and  Johnson,  1975),  it  suffers 
from  a serious  theoretical  weakness.  At  some  point,  tenor  and  vehicle  can 
be  so  similar  that  metaphor  degenerates  into  literal  statement  of  resemblance. 

"A  squirrel  has  the  face  of  a chipmunk"  is  hardly  a metaphor  at  all — it  cer- 
tainly is  not  a good  one. 

Even  Aristotle  didn’t  subscribe  to  so  simple  a view  as  this  monotone 
hypothesis.  He  advised  that  "metaphors  [vehicles I should  be  drawn  from 
objects  that  are  related  to  ;he  object  [tenor]  in  question  but  not  obviously 
related."  Metaphors  fall  for  two  reasons:  They  are  too  obscure  or  they  are 
too  dull.  The  overall  distance  between  the  tenor  and  vehicle  is  positively 
related  to  the  obscurity  of  the  metaphor  but  negatively  related  to  the  dull- 
neas.  These  two  opposed  trends  may  interact,  yielding  an  lnverse-U  shaped 
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function  relating  overall  distance  and  aptness — the  best  metaphors  are  then 

r 

those  whose  tenor  and  vehicle  are  neither  too  close  nor  too  far  from  each  other. 

i 

Hypotheses  Based  on  Two  Distances  r 

The  domalns-lnteraction  position  distinguishes  two  distances:  the  degree 

* 

to  which  two  objects  occupy  dissimilar  positions  relative  to  other  members  of 
their  kind  or  category  (within-domains  distance);  and  the  degree  of  dissimi- 
larity between  the  domains  or  categories  themselves  (between-domains  distance). 

Underlying  these  two  distances  are  separate  sets  of  dimensions  or  features. 

Features  or  dimensions  applying  to  the  domains  themselves  (between-domains 
dimensions)  determine  how  close  in  a higher-order  space  of  domains  the  two 
domains  are.  Features  or  dimensions  applying  to  the  objects  within  a domain 
(within-doraain  dimensions)  determine  whether  two  objects  in  different  domains 
occupy  analogous  positions  within  the  lower-order  spaces  of  each  domain.  The 
relation  between  the  two  types  of  distance  is  illustrated  in  Figure  1. 


Insert  Figure  1 about  here 

If  all  the  dimensions  applying  within  the  one  domain  correspond  to  the  dimen- 
sions applying  within  the  other,  and  if  the  values  of  two  objects  on  corres- 
ponding dimensions  are  Identical,  then  the  two  objects  occupy  exactly  analo- 
gous positions  within  their  domains— withln-domaln  distance  Is  zero.  Wlthin- 
doaaln  distance  Increases  as  more  withln-domaln  dimensions  fail  to  be  aligned 
with  dimensions  in  the  other  domain  and  as  the  values  of  the  two  objects  di- 
verge on  those  dimensions  that  are  seen  to  correspond.  (For  a fuller  treat- 
ment of  these  concepts,  see  Tourangeau  and  Sternberg,  Note  1.)  We  propose, 
with  Miles  (1967),  that  metaphors  are  better  as  wlthln-domalns  distance 
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decreases:  the  more  the  tenor  and  vehicle  occupy  analogous  positions  with- 

r 

In  their  domains,  the  better  the  metaphor.  Beside  vlthin-domain  distance, 
the  distance  between  the  domains  themselves  affects  the  quality  of  a metaphor. 

The  novelty  produced  by  the  metaphor  in  part  reflects  the  distance  between 
the  domains  of  the  tenor  and  vehicle.  Comparison  between  objects  from  close 
or  similar  domains  (e.g.,  a land  mammal  and  a bird)  are  less  likely  to  pro- 
duce surprise  than  those  between  objects  from  dissimilar  domains  (a  bird  and  a 
world  leader).  We  also  propose,  therefore,  that  metaphors  increase  in  qual- 
ity as  the  distance  between  the  domains  of  the  tenor  and  vehicle  increases. 

These  two  hypotheses  can  be  combined: 

Aptness  ■ f(d  within,  d between)  (1) 

where  f is  monotone  increasing  in  distance  between  domains,  and  monotone 
decreasing  in  distance  within  domains.  Note,  then,  that  in  the  domains- 
lnteractlon  view,  aptness  is  an  "interaction"  between  these  two  distances. 

As  the  domains  get  farther  apart,  it  becomes  harder  to  see  the  correspon- 
dences between  the  sets  of  the  features  applying  within  the  domains.  It  is 
easy  to  see  that  predaclty  in  birds  is  like  predaclty  in  wolves,  but  harder 
to  see  that  aggressiveness  in  people  is  also  like  predaclty  in  wolves.  The 
difficulty  of  aligning  dimensions  (seeing  that  they  correspond)  within  very 
dissimilar  domains  suggests  that  the  relation  assumed  by  Equation  1 between 
aptness  and  the  distance  between  domains  holds  only  when  the  domains  are  close 
enough  so  that  at  least  some  of  the  wlthln-domains  dimensions  can  be  aligned. 

Evidence  on  the  Hypotheses 


We  have  considered  four  hypotheses  concerning  similarity  and  aptness 
The  positive  monotone  hypothesis  predicts  that  the  aptness  of  a metaphor 
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Increases  as  the  tenor  and  vehicle  become  more  similar.  This  prediction  is 
based  either  on  the  assumption  that  comprehension  is  easier  when  tenor  and 

l 

vehicle  are  more  similar  (as  some  anomaly  theorists  might  argue)  or  on  the 
assumption  that  metaphors  are  comparisons  (as  comparison  theorists  argue). 

I 

Other  anomaly  theorists,  stressing  novelty  rather  than  clarity,  offer  the 
opposite  prediction,  the  negative  monotone  hypothesis:  Metaphors  are  more 
apt  as  the  objects  they  link  become  less  similar.  These  two  opposed  trends 
may  combine  to  yield  a third  relation,  a nonmonotone  inverse-U  relation: 

The  best  metaphors  involve  intermediate  similarity.  Finally,  the  domains- 
lnteractlon  view  suggests  that  aptness  increases  with  distance  between 

I 

domains  but  decreases  with  distance  within  domains. 

There  is  little  evidence  to  decide  among  the  general  positions  on 
metaphor  and  the  hypotheses  regarding  similarity  and  aptness  derived  from 
them  (see  Henle,  1962,  for  an  early  review;  Billow,  1977;  Ortony,  Reynolds, 
and  Arter,  1978;  and  Tourangeau  and  Sternberg,  Note  1,  present  more  recent 
reviews).  Two  studies  fcalgady  & Johnson,  1976;  Kraut,  Note  i)  have  ex- 
amined the  relationship  between  overall  similarity  and  quality,  both  with 
somewhat  inconsistent  results.  Neither  study  distinguished  distance  be- 
tween domains  from  distance  within  domains — a crucial  distinction  for  the 
domains-lnteractlon  theory  we  espouse. 

We,  therefore,  undertook  several  studies  to  test  the  hypotheses  con- 
cerning aptness  in  metaphor.  Eight  groups  of  pretest  subjects  rated  ob- 

I 

Jects  from  eight  domains;  a ninth  group  rated  the  domains  themselves.  We 
derived  measures  of  overall,  withln-domalns,  and  between-domalns  distance 


from  these  ratings.  In  Experiment  1,  one  group  of  subjects  (1A)  rated 
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metaphors  on  scales  of  aptness;  another  group  (IB)  rated  these  metaphors 
on  scales  of  comprehensibility.  In  Experiment  2,  subjects  ordered  possible 
ways  to  complete  metaphors  that  lacked  a vehicle.  For  one  group  of  subjects 

(2A),  all  the  possible  vehicles  were  members  of  a single  domain;  for  another 

X 

group  (2B),  the  vehicles  were  members  of  different  domains. 

Scaling  Prestudies 

The  purpose  of  the  scaling  prestudies  was  to  test  our  assumption  that 
dimensions  applying  within  a domain  have  analogues  in  other  domains.  Fur- 
ther, we  needed  to  scale  the  distance  relations  among  a set  of  conceptual 
objects  in  order  to  test  our  hypotheses  concerning  distance  and  aptness  in 
metaphor. 

Method 

Subjects.  One  hundred  sixty  subjects  participated  in  a study  of 
"Similarity  Relations  Among  Concepts."  Some  subjects  were  recruited  from 
the  introductory  psychology  course  at  Yale  University  and  received  credit 
for  participating;  the  rest  were  recruited  via  posters  and  paid  $2.50.  The 
subjects  participated  individually  or  in  groups  of  from  two  to  six  members. 

Materials.  Each  subject  received  a test  booklet;  for  eight  groups 
(n*16)  of  subjects,  the  booklets  contained  twenty  items  from  a single  domain; 
for  the  ninth  group  (n»32) , the  booklets  contained  only  eight  items  (the 
names  of  the  eight  domains).  The  domains  were  aquatic  animals,  birds,  land 
mammals,  ships,  aircraft,  land  vehicles,  U.S.  historical  figures,  and  modern 
world  leaders.  These  domains  were  selected  because  we  believed  that  subjects 
would  recognize  many  objects  within  each  domain,  and  that  at  least  three 
common  dimensions  would  apply  within  each:  power,  aggress iony  and  prestige. 
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Following  each  Item  in  the  booklet  were  21  seven-point  scales  with  labeled 
endpoints.  A scale  looked  like  this: 

Powerful  1 2 3 4 5 6 7 Weak. 

Subjects  Indicated  their  judgments  by  circling  the  most  appropriate  number. 
We  Included  seven  scales  seemingly  related  to  power,  seven  seemingly  related 
to  aggression,  and  seven  seemingly  related  to  prestige.  For  each  item,  the 
21  scales  were  in  different  random  orders;  likewise,  for  each  subject,  the 
items  were  in  a different  random  order. 

In  summary,  eight  groups  of  subjects  received  booklets,  containing 
twenty  items  (in  a random  order) , each  followed  by  21  rating  scales  (in 
different  random  orders  for  each  item) . The  ninth  group  had  booklets  con- 
taining only  eight  items  (the  eight  domains),  followed  by  the  21  scales. 
Subjects  in  this  group  also  rated  the  similarity  of  all  28  possible  pairs 
of  domains  cna  nine-point  scale  with  values  ranging  from  "Like"  to  "Unlike." 
The  similarity  judgments  preceded  the  rating  of  the  domains  on  the  21  rating 
scales. 

Procedure.  We  told  subjects  to  rate  all  the  items  on  every  scale  and 
to  work  rapidly,  basing  their  ratings  on  their  initial  impression.  In  order 
to  encourage  their  use  of  the  full  range  of  scale  values,  we  first  asked 
subjects  to  "thumb  through  the  booklets  and  get  an  idea  of  the  set  of  things 
you'll  be  rating,"  since  the  judgments  were  to  be  made  relative  to  the  set 
of  objects  rated.  Subjects  were  told  that  if  they  didn't  recognize  an  item, 
they  should  ask  the  experimenter  to  describe  it  for  them. 

Kesults 

For  all  nine  sets  of  ratings,  we  obtained  the  mean  rating  (averaged 
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across  subjects)  and  variance  of  each  Item  on  all  the  scales. 

j 

For  the  eight  sets  of  ratings  of  the  items  within  domains,  we  dropped 

1 
1 

the  three  most  variable  scales,  thereby  excluding  one  scale  from  each 
i 

of  our  three  a priori  clusters  of  scales.  In  each  of  the  domains,  we  found 
the  correlations  between  all  possible  pairs  of  the  18  scales.  Each  corre- 
lation in  this  18  x 18  matrix  was  based  on  20  observations,  with  each  ob- 
servation the  average  rating  of  one  of  the  20  items  on  a scale.  Thus, 
even  though  each  correlation  was  based  on  a small  number  of  observations, 

i 

we  nevertheless  hoped  the  correlations  would  be  reliable  because  each  ob- 
servation, being  an  average  based  on  16  subjects,  would  be  quite  stable. 

The  reliability  of  the  observations  (split  across  arbitrary  halves  of 
subjects  and  corrected  by  the  Spearman-Brown  formula)  was  .86. 

We  analyzed  these  correlations  by  principal-axis  factor  analyses,  and 
rotated  all  solutions  to  a varimax  criterion.  In  all  eight  domains,  al- 
though our  three  a priori  clusters  were  still  apparent,  only  two  factors 
emerged.  One  of  the  factors  clearly  reflected  prestige;  in  all  eight 
domains  the  six  scales  relating  to  prestige  loaded  near  1.0  on  this  factor 
and  near  0.0  on  the  other  factor.  The  other  factor  reflected  power  or  ag- 

I 

gression.  Table  1 gives  the  factor  loadings  for  the  domain  of  birds.  These 
loadings  are  typical  of  the  other  domains. 


Insert  Table  1 about  here 

Table  2 presents  correlations  between  loadings  of  corresponding  factors 
In  the  eight  domains.  Correlations  between  loadings  of  the  noncorresponding 
factors  were  generally  trivial.  It  can  be  seen  that  the  correlations  are 
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generally  very  high,  indicating  that  the  factor  spaces  are  quite  similar. 

The  median  jr  between  corresponding  factors  is  .93.  The  factor  spaces  are 
eo  similar  that  we  did  not  apply  any  technique  of  rotation  to  maximum  con- 
gruence ("Procrustean  rotation")  to  improve  the  fit. 

Insert  Table  2 about  here 

We  formed  approximate  factor  scores  for  each  item  by  adding  average 
ratings  of  that  item  on  those  scales  that  were  "salient"  on  the  factor; 
we  considered  a scale  salient  on  a factor  when  the  scale  loaded  highly  on 
that  factor  and  trivially  on  the  other  factor  (see  Gorsuch,  1974).  This 
criterion  meant  that  we  formed  the  prestige  factor  score,  for  items  in  all 
eight  domains,  by  adding  the  item's  mean  ratings  on  the  six  scales  in  the 
prestige  cluster.  We  used  the  same  procedure  in  forming  the  power-aggression 
factor  scores.  These  approximate  factor  scores  served  as  the  coordinates 
(on  wlthin-domain  dimensions)  of  items  in  the  main  studies. 

We  took  the  mean  ratings  of  the  domains  themselves  on  the  21  scales 
and,  treating  the  domains  as  variables,  conducted  a principal-axis  factor 
analysis.  Three  factors  emerged.  On  one,  the  three  animal  domains  (birds, 
aquatic  animals,  land  mammals)  load  highly;  on  another,  the  three  vehicle 
domains  (aircraft,  ships,  land  vehicles)  load  highly;  on  the  third,  the 
two  domains  of  people  (U.S.  figures  and  world  leaders)  load  highly.  The 
loadings  are  shown  in  Table  3.  The  factor  loadings  of  the  domains  served 
as  the  coordinates  of  the  between-domaln  dimensions  in  the  main  studies. 


Insert  Table  3 about  here 
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The  mean  ratings  of  the  similarity  of  pairs  of  domains  were  scaled  ; 

using  nonmetrlc  multidimensional  scaling  (Kruskal,  1964a,  1964b;  Shepard, 

' t 

1962a,  1962b).  Three-dimensional  solutions,  although  In  line  with  the  r 

results  of  the  factor  analysis,  appeared  "degenerate^"  the  eight  domains 

collapsing  Into  four  clusters:  (a)  U.S.  figures  and  world  leaders;  (b)  ' 

aircraft  and  birds;  (c)  ships  and  land  vehicles;  and  (d)  aquatic  creatures 
and  land  mammals.  These  solutions  were  not  further  used. 

Experiment  1^  ‘ 

The  similarity  of  the  dimensions  found  in  the  eight  domains  lent  some 
support  to  our  assumption  that  corresponding  (or  common)  dimensions  apply 
within  different  categories  or  domains.  The  dimension  that  distinguishes 

* 

Lincoln,  Grant,  and  other  war  presidents  from  Thomas  Jefferson  and  Grover 
Cleveland,  for  example,  corresponds  to  the  dimensions  that  distinguish  bat- 
tleships from  ocean  liners  and  hawks  from  nightingales. 

The  purpose  of  Experiment  1 was  to  compare  the  several  hypotheses 
concerning  similarity  and  aptness.  Having  analyzed  the  prestudy  data, 
we  were  ready  to  derive  measures  of  psychological  distance.  In  Experi- 
ment 1A,  we  collected  ratings  of  the  aptness  of  64  metaphors.  Further, 
since  several  of  the  hypotheses  depend  on  considerations  of  comprehens- 
ibility, we  collected  ratings  of  the  comprehensibility  of  the  metaphors 
in  a second  study.  Experiment  IB.  Finally,  we  sought  to  test  the  impli- 
cations of  the  several  positions  for  individual  differences:  Do  naive 
and  aophlsticated  readers  differ  in  their  rating  patterns?  We  adminis- 
tered tests  that  were  relevant,  we  hoped,  to  distinguishing  naive  readers 
from  sophisticated  ones. 
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The  basic  approach  to  distance  in  all  of  the  studies  was  dimensional 
and  Euclidean.  The  dimensional  approach  treats  a concept  as  a point  in  a 
semantic  or  conceptual  space;  the  point's  coordinates  give  its  location 
(l.e. , the  concept's  value)  on  the  salient  dimensions  of  meaning.  The 
degree  to  which  two  concepts  differ — their  dissimilarity — is  measured  by 
the  Euclidean  distance  between  them. 

Our  hypotheses  involved  three  different  sorts  of  dissimilarity  or 
distance.  One  is  overall  distance.  The  overall  distance  between  two  con- 
cepts is  a function  of  their  differences  on  all  relevant  dimensions  (even 
those  that,  according  to  the  domains-interaction  viewpoint,  apply  to  the 
domain  of  the  concept,  rather  than  to  the  concept  itself).  Our  analyses 
of  the  prestudy  data  uncovered  a total  of  five  dimensions  (viz.,  the  two 
within-domain  dimensions — power/aggression  and  prestige — and  the  three 
between-domain  dimensions — animals,  humans,  and  vehicles).  We  assigned 
each  concept  five  coordinates.*  Overall  distance,  then,  is 

d(A,B)  - [J-1(a1  - b^2]**  (2) 

The  overall  distance  between  two  concepts  (A  and  B)  is  a function  of  the 
difference  between  their  coordinates  (a^  and  b^)  on  the  n (here  five) 
dimensions. 

The  other  two  sorts  of  distance  were  also  derived  using  the  Euclidean 
function  given  in  Equation  (2).  For  within-domain  distance,  however,  the 
suMation  only  ranged  over  the  within-domain  dimensions;  for  between-domain 
distance,  the  susssatlon  ranged  over  the  between-domain  dimensions.  Here, 
the  concepts,  A and  B,  with  coordinates  a^  and  b^,  were  two  domains.  The 
definition  of  within-domain  distance  is,  thus,  the  same  when  the  two  con- 
cepts belong  to  the  same  domain  as  when  they  belong  to  different  domains — 
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it  Is  only  their  relative  positions  within  a domain  that  affect  the  within- 
domain  distance  between  two  concepts. 

Having  derived  these  measures  of  overall  distance,  distance  between 
domains,  and  distance  within  domains,  we  tested  several  hypotheses  against 
the  aptness  ratings  obtained  in  Experiment  1A — that  aptness  is  negatively  » 

related  to  overall  distance;  that  it  Is  a nonmonotonic,  inverse-U  function 
of  overall  distance;  or  finally,  that  aptness  is  positively  related  to  the 
distance  between  the  domains  of  the  tenor  and  vehicle,  but  is  negatively 
related  to  the  distance  within  their  respective  domains.  Further,  we  tested  sev- 
eral  hypotheses  concerning  comprehensibility.  These  hypotheses  are  assumed 
in  the  predictions  relating  aptness  and  distance  ~ that  comprehensibility 
varies  inversely  with  overall  distance,  that  it  varies  inversely  with  the 
distance  between  domains  and  with  the  distance  within  domains,  and  that 

it  is  positively  related  to  aptness. 

Method 

Subjects.  The  37  subjects  in  Experiment  1A  were  recruited  from  the 
introductory  psychology  course  and  received  credit  toward  fulfillment  of  a 
course  requirement.  The  20  subjects  in  Experiment  IB  were  students  and 
others  in  the  New  Haven  area.  They  were  recruited  by  posters  and  paid 
$2.50.  The  subjects  participated  individually  or  in  groups  of  from  two 
to  six  members. 

Materials.  Subjects  in  both  groups  filled  out  booklets  containing 
64  metaphors  of  the  form,  "The  owl  is  the  horse  among  birds."  '<l'  gh 
all  the  subjects  received  the  same  64  metaphors,  each  one  got  » a 

different  random  order.  Four  scales  for  rating  aptness  (in  ■eriment  1A) 
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or  two  scales  for  rating  comprehensibility  (in  Experiment  IB)  followed  each 
metaphor. 

The  metaphors  were  selected  by  pairing  tenors  from  each  domain  with 
vehicles  from  each  domain;  all  64  possible  permutations  of  domains  were  re- 
presented.^ 

Rating  Scales.  Subjects  in  both  groups  rated  the  metaphors  on  nine- 
point  scales  with  labeled  endpoints  by  circling  the  number  they  thought 
most  appropriate. 

Subjects  in  Experiment  1A  rated  the  metaphors  on  four  scales,  labeled 
"Good-Bad, ""Apt-No t Apt,"  "Interesting-Dull,"  and  "Like-Dislike,"  with 
higher  numbers  indicating  better  metaphors.  Subjects  in  Experiment  IB  rated 
the  metaphors  on  two  scales,  labeled  "Hard-Easy"  (with  higher  numbers  in- 
dicating metaphors  that  are  easier  to  understand)  and  "Slow-Fast"  (with 
higher  numbers  indicating  metaphors  that  are  understood  more  quickly) . 

Individual  difference  measures.  We  hoped  to  tap  individual  differences 
in  literary  experience  and  included  a measure  for  this  purpose.  Further, 
we  suspected  that  the  key  advantage  of  more  experienced  readers  lay  in 
their  ability  to  see  the  correspondences  between  dimensions  in  diverse 
domains.  We  Included  a set  of  analogy  problems  in  an  attempt  to  detect 
differences  in  this  ability.  As  it  turned  out,  neither  measure  proved 
reliable;  nor  did  either  relate  to  any  of  the  other  variables.  For  these 
reasons,  we  will  not  consider  these  measures  any  further. 

Procedures . Subjects  were  told  that  the  experiment  involved  aptness  (Ex- 
periment 1A)  or  comprehensibility  (Experiment  IB)  of  metaphor.  The  subjects 
in  both  groups  received  oral  and  written  Instructions  explaining  the  use  and 
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aesning  of  the  rating  scales.  We  told  the  subjects  to  use  the  full  range 
of  scale  values  in  rating  the  metaphors,  emphasizing,  for  the  subjects  in 
Experiment  1A,  that  they  should  use  the  full  range  of  values,  even  if  none 
of  the  metaphors  seemed  to  them,  in  an  absolute  sense,  to  be  good  ones. 

We  encouraged  subjects  to  ask  about  any  items  they  didn't  recognize  in  the 
booklet  of  metaphors  (and,  indeed,  some  of  the  terms  were  unfamiliar  to  the 
subjects).  The  experiments  lasted  about  an  hour. 

Results 

We  found  for  each  of  the  64  metaphors  its  mean  (over  subjects)  on  the 
rating  scales  of  aptness  and  comprehensibility.  These  overall  means  (or 
means  based  on  subgroups  of  subjects)  were  treated  as  the  basic  data  in  the 
analyses. 

Aptness.  The  four  scales  of  aptness  proved  highly  interrelated.  We 
summed  these  scales  into  a single  overall  scale,  labeled  "quality"  in 
Table  4.  Correlations  between  pairs  of  scales  are  shown  in  Table  4. 

Except  as  noted,  the  pattern  of  results  for  this  composite  held  also  for 

Insert  Table  4 about  here 

the  individual  scales.  Both  between-domain  and  within-domain  distance 
related  significantly  to  quality:  the  correlation  between  quality  of  a 
metaphor  and  the  distance  between  the  domains  of  its  tenor  and  vehicle  was 
.27;  the  correlation  between  quality  and  wlthln-doraaln  distance  was  -.39. 

In  line  with  the  domains-lnteraction  hypothesis,  metaphors  got  worse  as  the 
wlthln-domain  distance  between  tenor  and  vehicle  Increased,  but  got  better 
as  the  distance  between  their  domains  Increased.  Further,  overall  distance 
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did  not  significantly  relate  to  quality.  The  effect  of  the  dimensions  on 
which  distance  related  positively  to  quality  apparently  cancelled  that  of 
the  dimensions  on  which  distance  relates  negatively  to  quality.  These  re- 
sults are  shown  in  Table  5.  As  Table  6 shows,  distance  on  both  of  the 
vlthin-domain  dimensions  related  negatively  to  quality,  while  distance  on 

Insert  Table  5 about  here 

two  (the  human  and  animal  dimensions)  of  the  three  between-domain  dimensions 
related  positively. 


Insert  Table  6 about  here 

Several  of  the  hypotheses  involved  inverse-U  shaped  functions  relating 
distance  and  aptness.  We  looked  for  such  trends  by  examining  scatter-plots 
and  by  computing  correlations  between  squared  overall  and  between-domain 
distances  (with  these  distances  first  standardized  to  give  them  a mean  of 
zero).  Neither  method  revealed  any  evidence  for  an  inverse-U  shape  trend. 

For  all  the  scales  except  "interest^ ' the  distance  of  the  tenor  and 
vehicle  within  their  domains  was  more  strongly  related  to  aptness  than  was 
the  distance  between  domains.  That  the  relation  of  aptness  to  between- 
domain  distance  was  weak  is  more  apparent  when  the  eight  metaphors  whose 
tenor  and  vehicle  were  from  the  same  domain  are  removed  from  consideration; 
when  these  eight  extreme  cases  (in  which  between-domain  distance  is  zero) 
were  excluded,  the  correlation  between  the  measures  of  quality  (except  for 
the  "interest" scale)  and  distance  between  domains  were  no  longer  significant, 
although  they  remained  negative,  as  shown  in  Table  7.  According  to  the 
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domains-interaction  view,  these  extreme— case  metaphors  are  anomalous; 
cording  to  the  ratings,  they  make  poor  metaphors. 


ac- 


Insert  Table  7 about  here 

Comprehensibility.  Several  of  the  hypotheses  are  based  on  the  Idea 
that  Increasing  distance  makes  comprehension  harder.  Since  the  rated  speed 
and  ease  of  comprehension  were  highly  related  (r_  ■ .82),  we  summed  them  to 
give  a single  comprehensibility  measure.  We  could  find  no  evidence  in  sup- 
port of  the  hypothesis  that  distance  and  comprehensibility  are  related; 
overall,  between-domains,  and  within-domains  distance  did  not  relate  sig- 
nificantly to  the  scale  of  comprehensibility.  None  of  the  correlations 
exceeded  .10. 

Other  factors,  such  as  the  familiarity  of  the  terms  involved,  may  have 
affected  comprehensibility  so  much  that  the  effects  of  distance  were  hard  to 
tease  out.  Presumably,  to  understand  a metaphor  we  must  locate  the  tenor 
and  vehicle  (or,  at  least,  the  vehicle)  within  their  domains;  locating  the 
concepts  requires,  further,  that  we  know  the  domains  to  which  they  belong, 
the  dimensions  that  are  important  within  those  domains,  and  the  coordinate 
values  of  the  concepts  on  those  dimensions.  Since  the  domain  of  the  vehicle 
serves  aa  a kind  of  template  for  viewing  the  domain  of  the  tenor,  it  is 
particularly  Important  that  we  know  the  dimensions  salient  for  the  vehicle. 

One  property  of  the  vehicle  that  may  make  it  easier  to  infer  the 
dimensions  relevant  within  Its  domain  Is  the  extremity  of  the  vehicle:  the 
more  extreme  the  concept,  the  more  aallent  the  dimensions  are  on  which  It 
Is  extreme.  We  formed  a measure  of  the  extremity  of  the  tenor  and  vehicle 
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by  summing  the  absolute  values  of  their  (standardized)  withln-domaln  co- 
ordinates. The  extremity  of  the  vehicle,  but  not  that  of  the  tenor,  cor- 
related significantly  with  the  measure  of  comprehensibility  (£  ■ .26  for  the 
extremity  of  the  vehicle,  £ <.05;  r_  = .06  for  that  of  the  tenor). 

If  the  tenor  is  to  be  viewed  in  terms  of  the  vehicle,  it  may  help  for 
the  tenor  to  be  a source  of  some  disagreement  or  uncertainty,  but  for  the 
vehicle  to  be  unambiguous;  if  we  want  to  bring  the  tenor  and  its  domain 
into  correspondence  with  that  of  the  vehicle,  it  may  make  the  alignment 
easier  if  we  are  uncertain  about  the  tenor  or  if  we  already  know  that  sev- 
eral views  of  the  tenor  are  possible.  We  formed  a measure  of  the  variability 
of  the  tenor  and  vehicle,  by  summing  their  standard  deviations  on  the  scales 
composing  the  within-domain  coordinates.  We  Hoped  the  measure  would  serve 
as  an  index  of  the  flexibility  with  which  the  concept  could  be  viewed.  As 
predicted,  the  variability  of  the  tenor,  but  not  that  of  the  vehicle,  cor- 
related significantly  with  the  measure  of  comprehensibility:  for  the  tenor, 
the  correlation  was  .31  (£  <,05);  for  the  vehicle,  the  correlation  was  .12. 

Comprehensibility  and  aptness.  Whatever  its  determinants  (the  famil- 
iarity of  tenor  and  vehicle,  their  extremity,  the  flexibility  with  which 
we  can  view  them),  comprehensibility  is  related  to  aptness  or  quality. 

Both  rating  scales  of  comprehensibility  and  their  sum  related  significantly 
to  the  measures  of  quality,  as  shown  in  Table  8.  These  effects  were 

Insert  Table  8 about  here 


Independent  of  those  involving  within  and  between-domain  distance;  compre- 
hensibility did  not  interact  with  either  form  of  distance  in  Its  relation 
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to  the  measures  of  quality,  nor  did  the  strength  of  the  relations  between  f 
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the  comprehensibility  scales  and  the  scales  of  aptness  diminish  when  the 

i 

l 

effects  of  distance  were  partlalled  out.  t 

Taken  together,  the  comprehensibility  of  a metaphor,  the  distance 
within  domains  between  its  tenor  and  vehicle,  and  the  distance  between  the 
domains  themselves  predicted  most  of  the  reliable  variation  in  the  metaphor’s 
quality.  We  formed  a single  index  of  comprehensibility  by  summing  the  ease 
and  slowness  scales.  When  this  measure  of  comprehensibility  was  combined 
with  distance  within  and  between  domains  in  a single  regression  equation, 
the  multiple  correlation  with  quality  was  .76  (£(3,60)  « 27.3,  £ <.01). 

As  Table  9 shows,  all  three  variables  make  a significant  contribution. 

This  degree  of  prediction  is  more  impressive  given  the  limited  reliability 

Insert  Table  9 about  here 

of  the  predictors. 

Experiment  £ 

In  Experiment  1,  we  tested  hypotheses  concerning  relations  between 
similarity,  in  its  several  forms,  and  aptness,  with  rating  scales  serving 
as  measures  of  aptness.  In  Experiment  2,  we  sought  to  extend  these  results 
to  a different  mode  of  response,  the  selection  of  vehicles  for  Incomplete 
metaphors..  This  response  mode  had  the  advantage  that  it  allowed  us  to  ex- 
plore the  relation  between  the  domalns-lnteractlon  position  on  metaphor  and 
lumelhart  and  Abraharason's  (1973)  theory  of  analogical  reasoning. 

Rumelhart  and  Abrahamson  claimed  that  the  answer  we  choose  to  complete 


a standard  analogy  problem  (of  the  form  A:B::C: 


) Is  a function  of  an 
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Ideal  concept — the  concept  that  bears  exactly  the  same  relation  to  the  C 
term  of  the  analogy  as  the  B term  bears  to  the  A term.  Using  a spatial 
representation,  Rumelhart  and  Abrahamson  represented  A and  B as  points 
In  a conceptual  space;  the  relation  between  A and  B was  represented  by 
a vector  connecting  them.  If  the  vector  is  moved  so  that  C becomes  its 
origin  (Instead  of  A),  then  the  point  at  which  it  terminates  represents 
the  ideal  concept. 

Our  model  of  the  process  of  selecting  vehicles  to  complete  metaphors 
is  patterned  after  Rumelhart  and  Abrahamson' s model  for  analogies.  Given 
our  assumption  that  a concept's  characteristics  are  defined  in  relation 
to  its  domain,  we  can  view  the  tenor  or  vehicle  not  only  as  a point  in  a 
domain,  but  also  as  a vector  from  the  origin  of  the  domain.  This  vector 
reflects  the  relation  of  the  concept  to  its  domain.  Having  aligned  the 
domain  of  the  vehicle  with  that  of  the  tenor,  we  find  an  ideal  vehicle 
(the  concept  whose  position  within  its  domain  is  exactly  analogous  to  that 
of  the  tenor)  by  moving  the  vector  representing  the  tenor  to  have  as  its 
origin  the  origin  of  the  domain  of  the  vehicle. 

In  their  mathematical  model  of  the  response-selection  process,  Rumel- 
hart and  Abrahamson  used  the  Luce  (1959)  choice  rule.  The  rule  assumes 
that  the  probability  of  selecting  an  answer  is  a function  of  the  answer's 
value,  relative  to  the  values  of  all  the  alternatives  in  the  choice  set: 

p(Aj)  - v(Aj)/^v(Ai).  (3) 

The  probability  of  choosing  one  alternative  (A^)  from  a set  Is  the  value 
of  that  alternative  over  the  sum  of  the  values  of  all  the  alternatives. 
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Runelhart  and  Abrahamson  assumed  that  the  "value"  of  an  analogy  answer  Is 

a decreasing,  exponential  function  of  Its  distance  from  the  Ideal  solution: 

V (A. ) » exp (-a* distance  ),  (4) 

i J A 

where  o Is  the  "slope"  of  the  exponential.  Intuitively,  Equation  (4)  states 

i 

that,  an  alternative  becomes  less  attractive,  the  further  it  is  from  the  ideal 
concept,  and  that  differences  among  bad  alternatives  matter  less  than  differ- 
ences  among  better  ones. 

Rumelhart  and  Abrahamson's  subjects  ranked  all  the  alternatives,  rather 
than  selecting  just  their  most  favored  one.  Rumelhart  and  Abrahamson  ex- 
tended the  Luce  choice  rule  to  ranking  by  assuming  that  subjects  apply  it 
repeatedly:  subjects  make  their  first  choice  in  accordance  with  the  choice 
rule,  then  decide  among  the  remaining  alternatives,  again  choosing  the  best 
remaining  alternative  in  accordance  with  the  choice  rule;  and  so  on,  until 
all  the  options  are  ranked. 

How  might  we  predict  subjects'  choices  among  vehicles  to  complete  a 
metaphor?  The  direct  analogue  to  Rumelhart  and  Abrahamson's  Equation  (4) 
is  one  based  on  the  within-domain  distance  of  the  vehicle  from  the  tenor; 
the  "ideal"  vehicle  in  a domain  is  that  concept  whose  within-domain  distance 
from  the  tenor  is  zero.  We  can,  therefore,  replace  distance  from  the  ideal 
in  Equation  (4)  with  distance  within  domains.  This  model,  however,  ignores 
the  distance  between  the  domains  of  the  tenor  and  vehicle — and  this  distance 

also  contributes  (albeit  weakly)  to  the  quality  of  the  metaphor.  Equation 

J • 

(5)  corrects  this  omission  by  assuming  that  the  value  of  an  alternative  is 
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a function  of  its  aptness: 
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V (A)  - f (Aptness), 


(5) 
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where  f is  nonnegative  and  monotone  increasing  in  aptness.  If  we  assume 
that  good  alternatives  are  more  finely  discriminated  than  poor  ones,  we  can 
predict,  with  Rumelhart  and  Abrahamson,  that  value  to  be  an  exponential 
function. 


V(A)  * exp (a. aptness.) . 

A 


Method 


Subjects . Twenty  subjects  participated  in  each  group  of  Experiment  2. 
Subjects  in  Experiment  2A  were  recruited  from  the  introductory  psychology 
course  at  Yale  and  received  credit  toward  fulfillment  of  a course  requirement. 
Subjects  in  Experiment  2B  (most  of  whom  were  students)  were  recruited  by 
poster  and  paid  $2.50.  The  subjects  participated  individually  or  in  groups 
no  larger  than  six. 

Materials . The  subjects  in  both  groups  of  Experiment  2 received  book- 
lets containing  32  metaphors  with  missing  vehicles:  "The  bomber  is  the 

among  things  that  fly."  Four  possible  vehicles  followed  each  metaphor. 
Although  all  the  subjects  received  the  same  32  incomplete  metaphors,  each 
got  them  in  a different  random  order.  The  tenors  of  these  metaphors  were 
chosen  by  selecting  an  item  at  random  from  each  quadrant  of  each  of  the 
eight  domains.  For  the  subjects  in  Experiment  2A,  the  four  possible  vehicles 
following  each  metaphor  were  from  a single  (randomly  selected)  domain,  with 
each  vehicle  drawn  (at  random)  from  different  quadrant  of  that  domain.  For 
the  subjects  in  Experiment  2B,  the  four  possible  vehicles  were  from  four 
different  domains  (chosen  at  random),  with  each  as  close  as  possible  to  the 
ideal  vehicle  In  its  domain:  within  its  own  domain,  that  Is,  each  of  these 
vehicles  had  the  smallest  vlthln-domain  distance  from  the  tenor. 
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Procedure.  Subjects  in  both  groups  received  booklets  containing  the 
32  metaphors.  The  subjects  were  told  to  rank  the  four  choices  according  to 
how  well  each  completed  the  metaphor,  and  they  were  encouraged  to  ask  the 
experimenter  about  items  they  did  not  recognize.  Subjects  were  given  a half 
hour  to  complete  the  booklet.  (They  also  filled  out  the  two  ability  measures 
used  in  Experiment  1.) 

Results 

For  each  set  of  four  possible  vehicles,  we  found  the  proportion  of  sub- 
jects who  ranked  it  best,  second  best,  and  so  on.  The  analyses  below  treat 
these  proportions  as  the  unit  of  observation. 

Qualitative  results . The  most  basic  predictions  of  the  several  posi- 
tions are  ordinal:  more  subjects  will  select  as  best  a vehicle  that  is 
closer  within  domains  (or  closer  overall)  than  one  that  is  farther;  more 
subjects  will  choose  an  alternative  vehicle  from  a domain  that  is  farther 
from  that  of  the  tenor  than  from  one  that  is  closer  to  the  domain  of  the 
tenor.  These  ordinal  predictions  do  not  depend  on  the  form  of  the  decision 
rule  that  subjects  use;  nor  do  they  make  any  assumptions  about  the  process 
by  which  subjects  make  subsequent  choices  after  their  first  one. 

We  ranked  each  alternative  vehicle  in  a set  of  four  according  to  its 
wlthin-domain  distance  and  its  popularity  as  the  vehicle  ranked  best. 

The  correlation  of  these  ranks  over  the  32  metaphors  in  Experiment  2A  was 
>•46  (based  on  the  96  Independent  ranks);  in  Experiment  2B,  this  correla- 
tion was  -.48  (again,  based  on  the  ranks  of  three  vehicles  for  each  of  the 
32  metaphors).  In  Experiment  2B,  the  alternatives  in  each  set  varied  in 
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their  between-domain,  as  well  as  their  with in-domain,  distance  from  the 
tenor.  The  correlation  of  the  rank  between-domain  distance  and  the  rank 
popularity  of  an  alternative  was  only  .06.  In  Experiment  2B,  we  could 
compare  the  rank  overall  distance  with  rank  within-domain  distance.  (In 
Experiment  2A,  these  ranks  correlated  perfectly  because  all  the  vehicles 
in  a set  were  from  a single  domain;  within  a set  of  alternatives,  the  only 
sources  of  variation  in  overall  distance  were  on  the  two  dimensions  that 
also  determined  within-domain  distance.)  The  correlation  of  a vehicle's 
rank  overall  distance  within  a set  of  alternatives  and  its  rank  popular- 
ity among  these  alternatives  was  -.04.  Thus,  in  both  experiments,  the 
rank  within-domain  distance  of  a vehicle  significantly  predicted  its 
rank  popularity  within  a set  of  alternatives;  and  in  Experiment  2B,  where 
comparison  was  possible,  it  predicted  better  than  rank  overall  distance 
(Hotelling's  _t  « 5.24;  £<.002,  two-tailed;  see  Guilford,  1956,  page  190). 

Quantitative  models.  For  the  first-choice  data  of  both  experiments, 
we  estimated  with  nonlinear  regression  techniques  (using  the  BMD  program 
for  nonlinear  regression)  the  best  values  for  the  slope  parameters  (a) 
of  several,  related  exponential  functions: 

P(A1)  - exp(a.x1)/Zexp(-a.xi) . (7) 

In  one  model,  we  replaced  x^  with  the  predicted  aptness  of  a vehicle  (A^); 
in  another,  we  replaced  x^  with  the  vehicle's  within-domain  distance  from 
the  tenor;  in  another,  we  used  the  overall  distance;  in  Experiment  2B, 
we  were  able  to  use  the  between-domain  distance.  The  predicted  aptness 
of  a vehicle  is  a linear  combination  of  its  within-domain  and  between- 
domain  distance;  we  used  the  weights  and  intercept  estimated  in  Experiment  1 
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Tor  the  models  based  on  aptness  and  distance  between  domains.  In  which  the 
predictor  was  positively  related  to  an  alternative's  attractiveness  we 
expected  a to  become  negative. 

Since  subjects  ranked  all  four  of  the  possible  vehicles  from  best  to 
worst,  there  were  four  proportions  associated  with  each  one  (viz.,  the  pro- 
portion ranking  It  best,  the  proportion  ranking  it  next  best,  etc.)  and 
thus  a total  of  nine  degrees  of  freedom  for  each  metaphor.  Using  the  sev- 
eral models  based  on  equation  7 (with  estimates  of  a for  each  model  esti- 
mated from  the  first  choice  data),  and  applying  these  models  successively 
to  all  four  ranks,  we  made  predictions  concerning  all  nine  independent 
proportions  for  each  of  the  32  metaphors. 

In  Experiment  2,  the  simple  correlation  between  the  predicted  and 
obtained  proportions  was  highest  for  the  model  using  aptness  as  the  pre- 
dictor (x^)  in  Equation  (7^  £(286)  - .44,  £<,001,  two-tailed.  But  since 
the  between-domain  distance  of  the  alternatives  in  a set  did  not  vary  in 
this  experiment,  predicted  aptness  was  confounded  with  an  alternative's 
vithln-domaln  distance  from  the  tenor  and  (to  a lesser  extent)  its  over- 
all distance.  It  came  as  no  surprise,  therefore,  that  the  model  using 
the  alternative's  withln-domain  distance  (instead  of  its  predicted  aptness) 
as  the  predictor  in  Equation  (7)  did  as  well  (£  * .43),  or  that  the  alter- 
native's overall  distance  was  only  slightly  less  successful  as  the  predictor 
(r  ■ .37).  And  a linear  model— 

P(A^)  ■ Aptness^  /JAptness^  (8) 

that  uses  parameters  estimated  from  Experiment  1 (and  no  new  ones  estimated 
from  the  data  of  this  experiment)  also  did  nearly  aa  well  aa  these  exponential 
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models  (r_  " .36). 

For  each  metaphor,  we  arranged  the  four  vehicles  in  order  of  their 

popularity  as  predicted  by  each  model.  We  then  averaged  the  predicted 

and  obtained  proportions  across  all  the  metaphors.  Figure  2 shows  these 

overall  predicted  and  obtained  proportions  for  the  exponential  model  with 

aptness  as  the  predictor.  The  fit  appears  substantial  Or  * .98);  the 

2 

departures  from  prediction  are,  however,  highly  significant,  x (9)*  23.5, 

£<.01. 

In  Experiment  2B,  none  of  the  correlations  between  the  proportions 
predicted  by  the  quantitative  models  and  those  observed  was  significant. 

The  "best"  model  was  again  the  exponential  model  with  aptness  as  the  pre- 
dictor, but  the  correlation  between  predicted  and  observed  proportions  was 
a mere  .022.  Given  the  significant  qualitative  fit  of  the  within-domain 
distance  with  the  first- choice  ranks  of  this  experiment  and  the  relative 
success  of  the  quantitative  models  in  Experiment  2A, . this  poor  quantita- 
tive prediction  is  puzzling.  In  selecting  the  stimuli  for  this  experi- 
ment, we  tried  to  minimize  variations  among  the  alternatives  in  a set  in 
their  within-domain  distance  from  the  tenor.  Since  within-domain  dis- 
tance (of  all  the  types,  of  distance)  was  the  most- consistent 
aptness,  perhaps  restricting  its  range  guaranteed  poor  quantitative  pre- 
diction. Or,  since  the  subjects  in  Experiment  2B  were  drawn  from  a dif- 
ferent population  from  those  in  2A,  it  is  possible  subjects  used  a decision 
procedure  that  is  not  well  described  by  the  Luce  choice  rule^  or  one  that 
is  insensitive  to  the  spacing  among  the  alternatives. 


Aptness  In  Metaphor 
34 


Discussion 

Pindings  Bearing  on  the  Main  Hypotheses 

In  the  scaling  prestudies,  we  scaled  stimuli  from  several  domains, 
using  factor  analytic  techniques.  The  domains-interactlon  position  as- 
sumes that  analogous  dimensions  apply  within  different  domains.  Such  cor- 
respondences are  clearly  observed  in  the  domains  studied  here:  two  factors 
emerged  within  each  domain  and  the  correlations  across  domains  of  the 
corresponding  factor  loadings  were  very  high  (see  Table  2). 

The  main  hypotheses,  however,  concerned  the  relation  between  simi- 
larity of  the  tenor  and  vehicle  (defined  in  several  ways)  and  the  aptness 
of  the  metaphor  that  links  tenor  and  vehicle.  The  comparison  view  suggests 
most  simply  that  aptness  varies  directly  with  overall  similarity;  the  views 
of  some  anomaly  theorists  also  suggest  this  relationship.  In  either  case, 
the  prediction  seems  to  rest  on  two  assumptions:  First,  more  overall  simi- 
larity between  tenor  and  vehicle  increases  the  clarity  or  comprehensibility 
of  a metaphor;  and,  second,  comprehensibility  positively  relates  to  aptness. 

Some  anomaly  theorists  emphasize  novelty,  instead  of  clarity,  as  a deter- 
minant of  aptness.  These  theorists  predict  a negative  relation  between 

.aptness  and-everall  s4*l-lar£cy*--The-se  -tweK'treTids-may-  eoffiblne-  to-produoe--  , _ 

an  inveree-U  shaped  relation  between  overall  similarity  and  aptness.  Al- 
though he  did  not  put  it  quite  this  way,  Aristotle  seems  to  have  supported 
this  nonmonotonic  hypothesis. 

The  evidence  of  Experiments  1 and  2 provided  scant  support  for  any  of 
the  proposed  relations  between  overall  similarity  and  either  aptness  or 
comprehensibility:  None  of  the  relevant  correlations  were  significant. 
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In  Experiment  2,  the  overall  similarity  of  a vehicle  to  its  tenor  predicted 
the  popularity  of  the  vehicle  only  when  overall  similarity  was  confounded 
with  wlthin-domaln  similarity  (in  Experiment  2A) . Overall  similarity  bore 
no  significant  relation  to  measures  of  comprehensibility  either.  Only  the 
assumption  that  comprehensibility  relates  positively  to  aptness  appeared 
to  be  Justified;  measures  of  the  two  were  significantly  related  in  Experi- 
ment 1. 


The  domains-interaction  view  distinguishes  the  within-domain  distance 
between  two  objects  from  their  be tween-domain  distance:  The  within-domain 
distance  depends  upon  the  extent  to  which  two  objects  occupy  analagous 
positions  within  their  domains;  the  be tween-domain  distance  depends  on  the 
similarity  of  the  domains  themselves.  According  to  the  domains-interaction 
view,  within-domain  distance  relates  negatively  to  aptness,  but  between- 
domaln  distance  relates  positively.  Both  of  these  predictions  received 
some  support  in  Experiment  1;  Both  within-domain  and  between-domain  distance 
related  significantly  to  aptness  in  the  expected  directions.  In  Experiment  2, 
however,  only  within-domain  distance  seemed  to  matter.  In  both  groups  of 
Experiment  2,  qualitative  predictions  based  on  a vehicle's  within-domain 
distance  from  the  tenor  related  to  its  rank  popularity  as  the  best  com- 
pletion of  a metaphor;  and  in  the  first  group  (but "not  in  the  second) , 
quantitative  models  (patterned  after  the  one  proposed  by  Rumelhart  and 
Abrahamson)  based  on  within-domain  distance  also  significantly  predicted 
the  popularity  of  an  option.  In  contrast,  the  between-domain  distance 
afforded  neither  qualitative  nor  quantatlve  prediction  in  the  one  study, 

2B,  where  it  varied. 
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Thus,  although  between-domain  distance  is  a significant  predictor  in  ' 

I 

Experiment  1,  it  is  a poor  predictor  in  Experiment  2.  This  difference 

between  the  results  of  the  two  studies  may  reflect  the  difference  in  the  t 

( 

dependent  measures.  Experiment  1 forced  subjects  to  consider  not  only  the 
aptness  of  a metaphor  but  also  the  interest — and  interest,  unlike  the  other 
measures  of  Experiment  1,  mainly  reflected  distance  between  domains.  Per- 
haps because  the  subjects  explicitly  considered  interest,  their  ratings  on 
the  other  scales  also  reflected  the  distance  between  the  domains  of  the 
tenor  and  vehicle.  Nothing  in  Experiment  2 forced  the  subjects  to  consider 
interest,  surprise,  novelty,  or  anything  else  determined  mainly  by  distance 
between  domains;  subjects  in  Experiment  2 were  simply  to  rank  the  choices 
according  to  how  well  they  completed  the  metaphor.  Another  difference  be- 
tween the  studies  was  that  ranking  the  choices  is  harder  than  making  direct 
ratings.  In  order  to  reduce  this  difficulty,  subjects  in  Experiment  2 may 
have  used  a simpler  decision  rule  than  subjects  in  Experiment  1,  a rule  that 
reflected  only  one  factor,  the  distance  within  domains. 

Additional  Findings 

The  Interaction  position  on  metaphor  has  as  its  central  assumption  the 
view  that.  In  Interpreting  a metaphor,  we  see  the  tenor  in  terms  of  the 
vehicle.  A consequence  of  this  assumption  is  that  tenor  and  vehicle  have 
asymmetrical  roles  In  the  interpretive  process.  In  Experiment  2B,  we  found 
som  (albeit  weak)  evidence  for  this  asymmetry.  The  interpretive  process, 
wa  assume,  requires  that  we  know  the  relevant  characteristics  of  the  vehicle, 
since  they  are  to  form  the  template  for  seeing  the  tenor,  and  that  we  are 
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able  to  view  the  tenor  with  erough  flexibility  that  we  can  see  it  in  this 
new  way.  If  we  assume  that  extreme  values  in  the  vehicle  help  us  find 
its  relevant  characteristics  by  making  them  more  salient,  then  extremity 
should  facilitate  comprehension.  Our  finding  that  the  extremity  of  the 
vehicle,  but  not  that  of  the  tenor,  correlated  with  comprehensibility, 
lent  some  support  to  this  view.  If  we  also  assume  that  disagreement  about 
a concept's  position  indicates  there  is  some  flexibility  in  the  way  it  can 
be  seen,  then  measures  of  disagreement  about  the  tenor's  location  (such  as 
the  variability  of  its  coordinates)  should  relate  to  comprehensibility. 

We  also  found  some  evidence  that  the  variability  of  the  tenor,  but  not 
that  of  the  vehicle,  related  to  comprehensibility. 

The  domains-interaction  view  asserts  that  a major  component  of  the 
interpretive  process  requires  "aligning,"  or  seeing  the  correspondence  be- 
tween analogous  dimensions  applying  in  different  domains.  We  assumed  that 
the  similarity  of  the  domains  affects  the  ease  with  which  we  perform  this 
alignment  and  thereby  see  the  correspondences  between  analogous  dimensions. 
Based  on  this  reasoning,  we  predicted  the  distance  between  domains  would 
relate  negatively  to  comprehensibility.  This  prediction  received  no  sup- 
port from  the  relevant  data  (in  Experiment  IB). 

Limitations  on  the  Studies 

The  purpose  of  the  experiments  was  not  to  account  for  all  of  the 
reliable  variation  in  the  quality  or  comprehensibility  of  metaphors.  In- 
stead, the  purpose  was  to  test  the  implications  of  three  general  views  on 
metaphor  by  examining  the  relations  among  distance  (defined  in  several  ways) 
comprehensibility,  and  aptness. 
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Indeed,  It  would  have  been  quite  a surprise  if  we  had  been  able  to  1 

j 

predict  the  aptness  or  comprehensibility  of  the  metaphors  perfectly.  In 

J 

> the  first  place,  the  use  of  a spatial  representation,  whatever  its  other 

virtues  and  limitations,  requires,  for  practical  reasons,  that  only  a few 
salient  dimensions  be  included;  in  these  experiments,  the  crucial  within- 
domain  distance  measure  is  based  on  only  two  dimensions.  But  the  concepts 
involved  have  many  more  properties.  Almost  every  metaphor  we  used  in- 
volved some  extra  point  of  comparison,  unrelated  to  either  of  our  within- 
domain  dimensions.  So  it  seems  unlikely  we  measured  similarity  exhaustively. 

In  the  second  place,  there  are  purely  technical  limitations  on  the 
possible  degree  of  relation  among  the  variables.  Some  of  the  measures,  in- 
cluding within-domain  distance,  were  not  particularly  reliable.  Further, 
more  than  a year  passed  between  the  collection  of  the  scaling  and  aptness 
data;  in  the  meantime,  perceptions  of  some  of  the  items,  especially  the 
political  figures,  doubtless  changed.  The  metaphors,  particularly  those 

in  Experiment  1,  were  chosen  to  be  unbiased,  not  to  be  good.  As  a result, 

■ 

the  range  of  their  quality  was  somewhat  limited.  In  Experiment  2,  only 
similarity  (and  not  comprehensibility)  was  included  as  a predictor,  al- 
though all  the  main  positions  acknowledge  the  effect  of  comprehensibility. 
i Given  these  sources  of  inaccuracy  and  incompleteness,  what  is  perhaps 

surprising  is  the  degree  of  prediction  attained.  In  Experiment  1,  for 
example,  comprehensibility,  within-domain,  and  between-domain  distance, 

•earn  almost  to  have  reached  the  limit  (given  the  reliabilities  of  the 
measures)  in  the  prediction  of  aptness. 


— v 


There  are  other  limitations  on  the  methods  of  these  studies,  besides 
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the  technical  limitations  and  those  inherent  in  the  use  of  a spatial  re- 

■ 

presentation  of  meaning.  Prediction  required  a number  of  assumptions, 
unrelated  to  the  main  hypotheses  of  any  of  the  positions.  Although  the 
techniques  we  used  that  depend  on  these  assumptions  were  to  a degree 

robust  (giving  accurate  results  even  when  there  are  small  violations  of  , 

the  assumptions),  they  were  used  for  convenience'  sake,  and,  at  best,  were 
only  approximations.  Thus,  we  assumed  that  similarity  could  be  represented 
geometrically,  that  subjects  made  continuous  discriminations  among  the  con- 
cepts (i.e.,  they  did  not  see  them  as  falling  into  homogeneous  clusters), 
that  they  combined  differences  along  different  dimensions  according  to  the 
Euclidean  metric,  that  within-domain  and  be tween-domain  distance  are  linear 
and  additive  in  their  effects  on  comprehensibility  and  aptness,  that  sub- 
jects rank  options  in  a manner  consistent  with  the  Luce  choice  rule,  that 

* f 

their  successive  rankings  can  be  described  by  successive  applications  of 
this  rule,  and  that  the  form  of  the  function  linking  aptness  and  choice 
was  linear  or  exponential.  Although  these  assumptions  are  reasonable, 
none  of  them  follow  directly  from  a consideration  of  metaphor;  all  of  them 
probably  introduce  some  inaccuracy. 

Another  limitation  involves  the  omission  of  other  factors  that  clearly 
affect  aptness  or  comprehensibility,  but  do  not  discriminate  among  the 
positions  of  Interest.  The  aptness  of  metaphor  depends  on  formal  criteria 
(beside  comprehensibility),  criteria  of  content  (beside  similarity),  and 
criteria  involving  whether  the  form  suits  the  content.  None  of  these 
other  considerations  were  taken  into  account  here — whether  we  can  visualize 
the  metaphor,  whether  its  phrasing  is  rhythmic  or  metrical,  whether  the 
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concepts  are  pleasant  or  repulsive,  whether  the  tone  and  rhythm  resonate 
with  the  Ideas,  whether  the  correspondences  involved  are  fresh  or  cllched — 

l 

none  were  Included,  but  surely  all  of  them  affect  aptness.  And,  of  course,  t 

the  single  most  important  determinant  of  comprehensibility — whether  we  know 
the  ordinary  meanings  of  the  terms  used — was  also  the  most  obvious  deter- 
minant but  the  least  relevant  to  the  theories. 

The  theory  and  data  presented  here  deal  primarily  with  representational 
and  structural  issues  in  the  theory  of  metaphor,  and  as  such,  do  not  offer 
an  explicit  process  model  of  how  metaphors  are  understood  and  evaluated. 

A model  addressing  some  of  these  issues  has  been  offered  elsewhere,  however 

I 

(see  Sternberg,  Tourangeau,  & Nigro,  in  press;  Sternberg  4 Nigro,  Note  3), 
based  upon  a process  theory  of  reasoning  by  analogy  (Sternberg,  1977a, 

1977b).  The  information-processing  model  acts  upon  the  representation  pro- 
posed in  this  article,  and  thus  may  be  viewed  as  complementary  to  the 
present  work. 

The  final  limitation  on  these  studies  involves  their  generality. 

Metaphors  occur  both  as  literary  devices  and  in  everyday  language.  The 
metaphors  in  this  study,  because  they  were  designed  to  vary  certain  factors 
In  an  unconfounded  and  unbiased  way,  differ  from  both  the  literary  and 
ordinary  uses  of  metaphors:  these  metaphors  are  clearly  worse  than  lit- 
erary metaphors  and  less  comprehensible  than  everyday  ones.  The  problem 
of  generality  Is  always  particularly  acute  for  studies  with  implications 
for  aesthetics.  On  the  one  hand,  the  study  may  use  actual  works  of  art 

i 

as  stimuli  and  suffer  from  the  problems  of  confounds  among  the  variables 
of  Interest  and  bias  In  the  selection  of  works  of  art;  or,  on  the  other 
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hand,  the  study  may  use  artificially  constructed  stimuli  (such  as  ours) 
that  are  likely  to  differ  markedly  from  actual  works  of  art.  Here,  it 
seems  doubtful  that  comprehensibility  is  really  unaffected  either  in  lit- 
erature or  in  ordinary  language  by  any  form  of  distance  between  tenor  and 
vehicle.  Perhaps  our  rating-scale  measure  of  comprehensibility  was  in- 
sensitive. Perhaps  the  form  of  the  relationship  between  distance  and 
comprehensibility  varies  with  the  level  of  aptness  or  is  some  threshold 
function.  Since  we  studied  only  metaphors  relatively  low  in  aptness  and 
comprehensibility,  we  are  unable  to  test  these  possibilities. 

Conclusions 

Despite  these  limitations,  some  conclusions  seem  warranted.  In  line 
with  the  assumptions  of  all  but  the  most  extreme  anomaly  theorists,  the 
comprehensibility  of  a metaphor  relates  positively  to  its  aptness.  Con- 
trary to  a view  held  by  most  comparison  theorists  and  many  anomaly  theo- 
rists, the  key  similarity  underlying  a metaphor  is  not  a pre-existing 
common  category  membership;  indeed,  the  evidence  of  Experiment  1 indicates 
the  more  dissimilar  the  most  salient  categories  of  tenor  and  vehicle  are, 
the  better  the  metaphor.  At  the  extreme,  when  tenor  and  vehicle  are  from 
a common  category,  the  metaphor  is  a bad  one,  even  perhaps  anomalous. 
Instead,  it  is  the  similarity  of  the  positions  of  the  tenor  and  vehicle 
vlthln  their  separate  categories  that  is  central  in  determining  aptness. 
All  of  these  findings  support  the  domains-lnteraction  view — the  view  that 
In  metaphor  an  object  within  one  domain  is  seen  as  occupying  a position  or 
role  similar  to  that  of  an  object  in  another  domain. 
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Footnotes 

This  work  has  benefited  from  conversations  of  the  authors  with  John 
Anderson,  Ruth  Day,  Michael  Gardner,  Dedre  Gentner,  John  Goldin,  William 
McGuire,  Georgia  Nigro,  and  Andrew  Ortony.  We  acknowledge  in  particular 
the  seminal  ideas  of  Phoebe  Ellsworth  and  Amos  Tversky,  whose  influences 
have  critically  shaped  the  present  research.  Robert  Abelson,  Thomas 
Berndt,  Irvin  Child,  and  Michael  Kubovy  commented  extensively  on  earlier 
drafts  of  this  article,  and  the  final  version  reflects  their  careful  at- 
tention. This  research  was  supported  in  part  by  Contract  N0001478C0025 
from  the  Office  of  Naval  Research  to  Robert  J.  Sternberg,  and  was  done 
while  Roger  Tourangeau  was  supported  by  an  NIMH  graduate  traineeship. 
Requests  for  reprints  should  be  sent  to  Roger  Tourangeau,  Department  of 
Psychology,  Connecticut  College,  New  London,  Connecticut,  06320,  or  to 
Robert  J.  Sternberg,  Department  of  Psychology,  Yale  University,  Box  11A 
Yale  Station,  New  Haven,  Connecticut  06520. 

^In  making  this  assignment,  we  implicitly  assumed  that  the  between- 
domaln  dimensions  were  unrelated  (orthogonal)  to  the  within-domain  dimen- 
sions. We  further  assumed  that  all  members  of  a domain  had  identical 
values  on  the  between-domain  dimensions;  we  assumed,  for  example,  that 
all  the  historical  figures  were  equally  human.  Results  from  Rips,  Shoben, 
and  Smith  (1973),  however,  indicate  that  at  least  in  some  cases,  this 
assumption  may  not  hold.  Because  the  between-domain  coordinates  (which 
ware  factor  loadings)  were  on  a different  scale  from  the  within-domain 
coordinates  (which  were  sums  of  means  on  nine-point  ratings  scales),  In 
computing  overall  distance,  we  standardized  the  coordinates  to  have  the 
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The  selection  process  also  involved  several  other  constraints.  For  ' 

each  domain,  a tenor  was  randomly  drawn  from  each  quadrant.  Each  of  these 

tenors  was  paired  with  one  of  the  four  domains  closest  to  the  domain  itself.  I 

Each  of  these  four  domains  had  been  randomly  paired  with  a quadrant;  a ve- 
hicle was  drawn  randomly  from  that  quadrant  of  that  domain.  No  tenor  was 
paired  with  Itself  as  a vehicle. 
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Variable 

Table  1 

Factor  Loadings  for  Birds 

Factor  1 

(Power-Aggression) 

Factor  2 
(Prestige) 

Strong 

.96 

-.02 

Powerful 

.98 

.01 

Vigorous 

.89 

.20 

Effective 

.92 

.11 

Controlling 

.94 

.13 

Forceful 

.98 

.00 

Aggressive 

.97 

-.15 

Fierce 

.96 

-.08 

Warlike 

.94 

-.15 

Predatory 

.95 

.10 

Dangerous 

.94 

-.11 

Hunting 

.93 

.05 

Admired 

-.15 

.98 

Noble 

.05 

.99 

Admirable 

-.06 

.99 

Esteemed 

o 

• 

1 

.98 

Honored 

.16 

.95 

Respected 

.11 

.98 

y 
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Table  2 

Correlations  Among  Factor  Loadings 


Power /Aggression 

Factor 

Domain 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

<8) 

(1) 

U.S.  Figures 

— 

(2) 

World  Leaders 

.89 

— 

(3) 

Land  Animals 

.97 

.90 

— 

(4) 

Birds 

.96 

.96 

.98 

— 

(5) 

Aircraft 

.95 

.95 

.92 

.95 

— 

(6) 

Land  Vehicles 

.96 

.96 

.98 

.99 

.95 

— 

(7) 

Fish 

.95 

.97 

.96 

.99 

.97 

.99 

— 

(8) 

Ships 

.92 

.92 

.96 

.97 

.87 

.97 

.94 

— 

Prestige  Factor 

Domain 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

<1) 

U.S.  Figures 

— 

(2) 

World  Leaders 

.57 

— 

(3) 

Land  Animals 

.95 

.60 

— 

(4) 

Birds 

.80 

.80 

.88 

— 

(5) 

Aircraft 

.52 

.95 

.60 

.86 

— 

(6) 

Land  Vehicles 

.88 

.80 

.92 

.98 

.83 

— 

(7) 

Fish 

.78 

.94 

.83 

.94 

.92 

.95 

— 

(8) 

Ships 

.74 

.51 

.84 

.90 

.65 

.88 

.77 

... 
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Table  3 

Factor  Loading  of  Domains 


Variable 

Factor  1 
(Animals) 

Factor  2 
(Vehicles) 

Factor 

(Human) 

Aircraft 

-.03 

.98 

-.02 

Land  Vehicles 

.01 

.90 

.19 

Ships 

.38 

.82 

-.19 

Birds 

.98 

-.11 

-.13 

Land  Mammals 

.80 

.24 

.05 

Aquatic  Animals 

.86 

.09 

-.16 

Modern  World  Leaders 

-.42 

-.06 

.84 

U.S.  Historical  Figures 

.49 

.13 

.56 

I 


) 
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Table  4 

Correlations  Among  Scales:  Experiment  1A 


Good 

Interesting 

Apt 

Like 

Quality 

Good-Bad 

.86 

.98 

.94 

.98 

Interesting-Dull 

.82 

.89 

.92 

Apt-No t Apt 

.92 

.97 

Like-Dislike 

.97 

Quality 
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Table  5 


Correlations  of  Distances 

and  Quality 

Within-Domain 

Between-Domain 

Overal 

j Quality 

j 

-.39** 

.27* 

-.01 

Good 

-.40** 

.24 

-.03 

Interesting 

-.30* 

.35** 

.10 

Apt 

-.37** 

.20 

-.07 

Like 

-.39** 

.25* 

-.01 

*p  < .05  (two-tailed) 
**p  < .01  (two-tailed) 
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Table  6 

Distances  on  Individual  Dimensions  and  Quality 


Quality 

Good 

Interest 

Apt 

Like 

Within-Domain 

Aggression/Power 

-.32** 

-.32** 

-.28* 

-.34** 

-.29* 

Prestige 

-.23 

-.24 

-.13 

-.24 

-.25* 

Be tween- Do main 

Animal 

.29* 

.26* 

.35** 

.22 

.32** 

Vehicle 

i 

s 

-.04 

-.02 

-.04 

-.06 

Human 

.30* 

.23 

.38** 

.26* 

.25* 

* £ < .05  (two-tailed) 
**  £ < .01  (two-tailed) 


* 
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Table  7 

Correlation  of  Distance  and  Quality 
Without  "Anomalous"  Metaphors 

Between-Domain 


Quality 

Good 

Interesting 

Apt 

Like 

* £ < .05  (two-tailed) 
**  £ < .01  (two-tailed) 


.17 

.15 

.26* 

.14 

.13 


Within-Domain 

-.44** 

-.45** 

-.34* 

-.46** 

-.42** 
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Table  8 

Correlations  of  Comprehensibility  and  Quality 


Easy 

Fast 

Comprehen: 

Quality 

.66 

.52 

.63 

Good 

.67 

.52 

.64 

Interesting 

.56 

.43 

.53 

Apt 

• 

ON 

00 

.51 

.64 

Like 

.62 

.52 

.61 

Note:  All  correlations  were 

significant. 

c-f* 

o 

• 

V 

o4 

two  tails. 
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I 
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» 

I 
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I 
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Table  9 

Multiple  Regression  on  Quality 


Predictor 

Simple  £ 

beta 

P 

Within  distance 

-.39 

-.40 

12.9** 

Between  distance 

.27 

.28 

6.2* 

Comprehensibility 

.63 

. ,59 

49.0** 

* p<.05 

**  £<.01 


f 

I 

* 

I 
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* 
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Figure  Captions 

Figure  1.  Relation  of  higher-order  and  lower-order  spaces.  To 
the  left  is  shown  the  space  of  domains,  or  hyperspace.  Each  point  in 
this  space  is  itself  a full  space  of  a lower-order,  as  shown  to  the 
right.  For  example,  the  point  "birds"  in  the  hyperspace  maps  into  the 
space  of  birds  at  the  top  right  of  the  figure. 

Figure  2.  Fit  of  the  exponential  model  with  aptness  as  the 
predictor. 
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ALEXANDRIA,  VA  22333 

1 Dr.  Ed  Johnson 

Army  Research  Institute 
5001  Eisenhower  Elvd. 

Alexandria,  VA  22333 

1 Dr.  Michael  Kaplan 

U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

1 Dr.  Milton  S.  Katz 

Individual  Training  4 SKili 
Evaluation  Technical  Area 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1 Dr.  Harold  F.  O’Neil,  Jr. 

ATTN:  PERI-OK 

5001  EISENHOWER  AVENUE 

ALEXANDRIA,  VA  22333 

1 Director,  Training  Development 
U.S.  Army  Administration  Center 
ATTN:  Dr.  Sherrill 
Ft.  Benjamin  Harrison,  IN  46218 

1 Dr.  Joseph  Ward 

U.S.  Army  Research  Institute 
5001  Elsenhower  Avenue 
Alexandria,  VA  22333 
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Air  Force 


1 Air  Force  Human  Resources  Lab  1 

AFHRL/PED 

Brooks  AFB,  TX  78235 

1 Air  University  Library 
AUL/LSE  76/443 
Maxwell  AFB,  AL  36112 

1 CDR.  MERCER 

CNET  LIAISON  OFFICER 
AFHRL/FLYING  TRAINING  DIV. 

WILLIAMS  AFB,  AZ  85224 

1 Dr.  Ross  L.  Morgan  ( AFHRL/ASR) 

Wright  -Patterson  AFB 
Ohio  45433 


r 
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Marines 


Director,  Office  of  Manpower  Utilization 
HQ,  Marine  Corps  (MPU) 

BCB,  Bldg.  2009 
Quantico,  VA  22134 

MCDEC 

Quantico  Marine  Corps  Base 
Quantico,  VA  22134 

1 DR.  A.L.  SLAFKOSKY 

SCIENTIFIC  ADVISOR  (CODE  RD-1) 

HQ,  U.S.  MARINE  CORPS 
WASHINGTON,  DC  20380 


1 Personnel  Analysis  Division 
HQ  USAF/DPXXA 
Washington,  DC  20330 

1 Research  Branch 
AFMPC/DPMYP 

Randolph  AFB,  TX  78148 

1 Dr.  Marty  Rockway  ( AFHRL/TT) 
Lowry  AFE 
Colorado  80230 

1 Jack  A.  Thorpe,  Capt,  USAF 
Program  Manager 
Life  Sciences  Directorate 
AF0SR 

Bolling  AFB,  DC  20332 

1 Brian  K.  Waters,  LCOL,  USAF 
Air  University 
Maxwell  AFB 
Montgomery,  AL  36112 
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Other  DoD 


Civil  Govt 


1 Dr.  Stephen  Andriole 

ADVANCED  RESEARCH  PROJECTS  AGENCY 
1*00  WILSON  BLVD. 

ARLINGTON,  VA  22209 

12  Defense  Documentation  Center 
Cameron  Station,  Bldg.  5 
Alexandria,  VA  2231 ^ 

Attn:  TC 

1 Dr.  Dexter  Fletcher 

ADVANCED  RESEARCH  PROJECTS  AGENCY 
1*00  WILSON  BLVD. 

ARLINGTON,  VA  22209 

1 Military  Assistant  for  Training  and 
Personnel  Technology 

Office  of  the  Under  Secretary  of  Defense 
for  Research  A Engineering 
Room  3D129,  The  Pentagon 
Washington,  DC  20301 

1 MAJOR  Wayne  Sellman,  USAF 

Office  of  the  Assistant  Secretary 
of  Defense  (MRAAL) 

3B930  The  Pentagon 
Washington,  DC  20301 


1 Dr.  Susan  Chipman 
Basic  Skills  Program 
National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1 Dr.  William  Gorham,  Director 
Personnel  RAD  Center 
U.S.  Civil  Service  Commission 
1900  E Street  NW 
Washington,  DC  20*15 

1 Dr.  Joseph  I.  Lipson 

Division  of  Science  Education 
Room  W-638 

National  Science  Foundation 
Washington,  DC  20550 

1 Dr.  Joseph  Markowitz 

Office  of  Research  and  Development 
Central  Intelligence  Agency 
Washington,  DC  20205 

1 Dr.  John  Mays 

National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1 National  Intitute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1 Dr.  Andrew  R.  Molnar 
Science  Education  Dev. 
and  Research 

National  Science  Foundation 
Washington,  DC  20550 

1 Dr.  Thomas  G.  Sticht 
Basic  Skills  Program 
National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1 Dr.  Joseph  L.  Young,  Director 
Memory  A Cognitive  Processes 
National  Science  Foundation 
Washington,  DC  20550 
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1 PROF.  EARL  A.  ALLUISI 
DEPT.  OF  PSYCHCLOGY 
CODE  2:1 

OLD  DOMINION  UNIVERSITY 
NO RFC LI,  VA  23508 

1 Dr.  John  R.  Anderson 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1 DR.  MICHAEL  ATWCOD 

SCIENCE  APPLICATIONS  INSTITUTE 
40  DENVER  TECH.  CENTER  WEST 
7935  E.  PRENTICE  AVENUE 
ENGLEWOOD,  CO  80110 

1 1 psychological  research  unit 

Dept,  of  Defense  (Army  Office) 
Campbell  Park  Offices 
Canberra  ACT  2600,  Australia 

1 Dr.  Nicholas  A.  Bond 
Dept,  of  Psychology 
Sacramento  State  College 
600  Jay  Street 
Sacramento,  CA  95819 

1 Dr.  Lyle  Bourne 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

1 Dr.  John  S.  Brown 

XEROX  Palo  Alto  Research  Center 
3333  Coyote  Road 
Palo  Alto,  CA  94304 

1 Dr.  John  B.  Carroll 
Psychometric  Lab 
Univ.  of  No.  Carolina 
Davie  Hall  013A 
Chapel  Hill,  NC  27514 

1 Dr.  William  Chase 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 
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Non  Govt 


1 Dr.  Michel ine  Chi 

Learning  R & D Center 
University  of  Pittsburgh 
3939  O’Hara  Street 
Pittsburgh,  PA  15213 

1 Dr.  Kenneth  E.  Clark 

College  of  Arts  A Sciences 
University  of  Rochester 
River  Campus  Station 
Rochester,  NY  14627 

1 Dr.  Norman  Cliff 
Dept,  of  Psychology 
Univ.  of  So.  California 
University  Park 
Los  Angeles,  CA  90007 

1 Dr.  Allan  M.  Collins 

Bolt  Beranek  A Newman,  Inc. 

50  Moulton  Street 
Cambridge,  Ma  02138 

1 Dr.  Meredith  Crawford 

Department  of  Engineering  Administration 
George  Washington  University 
Suite  805 

2101  L Street  N.  W. 

Washington,  DC  20037 

1 Dr.  Ruth  Day 

Center  for  Advanced  Study 
in  Behavioral  Sciences 
202  Junipero  Serra  Blvd. 

Stanford,  CA  94305 

1 Dr.  Marvin  D.  Dunnette 
N492  Elliott  Hall 
Dept,  of  Psychology 
Univ.  of  Minnesota 
Minneapolis,  MN  55455 

1 ERIC  Facility-Acquisitions 
4833  Rugby  Avenue 
Bethesda,  MD  20014 
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Non  Govt 


Non  Govt 


1 


MAJOR  I.  N.  EVONIC  2 

CANADIAN  FORCES  PERS.  APPLIED  RESEARCH 
1107  AVENUE  ROAD 
TORONTO,  ONTARIO,  CANADA 


Dr.  Barbara  Hayea-Roth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 


1 Dr.  Ed  Feigenbaum 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 

1 Dr.  Richard  L.  Ferguson 

The  American  College  Testing  Program 

P.0.  Box  168 

Iowa  City,  IA  52240 

1 Dr.  Victor  Fields 
Dept,  of  Psychology 
Montgomery  College 
Rockville , MD  20850 

1 Dr.  Edwin  A.  Fleishman 

Advanced  Research  Resources  Organ. 
8555  Sixteenth  Street 
Silver  Spring,  MD  20910 

1 Dr.  John  R.  Frederiksen 
Bolt  Beranek  & Newman 
50  Moulton  Street 
Cambridge,  MA  02138 

1 DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1 Dr.  Ira  Goldstein 

XEROX  Palo  Alto  Research  Center 
3333  Coyote  Road 
Palo  Alto,  CA  94304 

1 DR.  JAMES  G.  GREENO 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 


*L 


1 Dr.  James  R.  Hoffman 

Department  of  Psychology 
University  of  Delaware 
Newark,  DE  19711 

1 Library 

HumRRO/Western  Division 
27857  Berwick  Drive 
Carmel,  CA  93921 

1 Dr.  Earl  Hunt 

Dept,  of  Psychology 
University  of  Washington 
Seattle,  WA  96105 

1 Mr.  Gary  Irving 

Data  Sciences  Division 
Technology  Services  Corporation 
2811  Wilshire  Eivd. 

Santa  Monica  CA  90403 

1 Dr.  Roger  A.  Kaufman 
203  Dodd  hall 
Florida  State  Univ. 

Tallahassee,  FL  32306 

1 Dr.  Steven  W.  Keele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene,  OR  97403 

1 Dr.  Walter  Kintsch 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

1 Dr.  David  Kieras 

Department  of  Psychology 
University  of  Arizona 
Tusoon,  AZ  85721 

1 Mr.  Marlin  Kroger 
1117  Via  Goleta 

Palos  Verdes  Estates,  CA  90274 
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1 LCOL.  C.R.J.  LAFLEUR 
PERSONNEL  APPLIED  RESEARCH 
NATIONAL  DEFENSE  HOS 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K1A  OK 2 

1 Dr.  Alan  Lesgold 
Learning  R&D  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 

1 Dr.  Frederick  M.  Lord 

Educational  Testing  Service 
Princeton,  NJ  08540 

1 Dr.  Robert  R.  Mackie 

Human  Factors  Research,  Inc. 

6780  Cortona  Drive 
Santa  Barbara  Research  Pk. 

Goleta , CA  93017 

1 Dr.  Mark  Miller 

Systems  and  Information  Sciences  Laborat 
Central  Research  Laboratories 
TEXAS  INSTRUMENTS,  INC. 

Mail  Station  5 
Post  Office  Box  5936 
Dallas,  TX  75222 

1 Dr.  Allen  Munro 

Univ.  of  So.  California 
Behavioral  Technology  Labs 
3717  South  Hope  Street 
Los  Angeles,  CA  90007 

1 Dr.  Donald  A Norman 

Dept,  of  Psychology  C-009 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1 Dr.  Melvin  R.  Novick 
Iowa  Testing  Programs 
Uhiversity  of  Iowa 
Iowa  City,  IA  52242 

1 Dr.  Jesse  Orlansky 

Institute  for  Defense  Analysis 
400  Army  Navy  Drive 
Arlington,  VA  22202 


Non  Govt 


1 Dr.  Seymour  A.  Papert 

Massachusetts  Institute  of  Technology 
Artificial  Intelligence  Lab 
545  Technology  Square 
Cambridge,  MA  02139 

1 Dr.  James  A.  Paulson 

Portland  State  University 
P.0.  Eox  751 
Portland,  OR  97207 

1 MR.  LUIGI  PETRULL0 

2431  N.  EDGEW00D  STREET 
ARLINGTON,  VA  22207 

1 DR.  PETER  P0LS0N 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 
BOULDER,  CO  80302 

1 DR.  DIANE  M.  RAMSEY-KLEE 

R-K  RESEARCH  & SYSTEM  DESIGN 
3947  RIDGEM0NT  DRIVE 
MALIBU,  CA  90265 

1 MIN.  RET.  M.  RAUCH 
P II  4 

BUNDESMINISTERIUM  DER  VERTEIDIGUNG 
P0STFACH  161 
53  BONN  1,  GERMANY 

1 Dr.  Peter  B.  Read 

Social  Science  Research  Council 
605  Third  Avenue 
New  York,  NY  10016 

1 Dr.  Mark  D.  Reckase 

Educational  Psychology  Dept. 
University  of  Missouri-Coltmbia 
12  Hill  Hall 
Columbia , M0  65201 

1 Dr.  Andrew  M.  Rose 

American  Institutes  for  Research 
1055  Thomas  Jefferson  St.  NW 
Washington,  DC  20007 
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1 Dr.  Leonard  L.  Rosenbaum,  Chairman 
Department  of  Psychology 
Montgomery  College 
Rockville , MD  20850 

1.  Dr.  Ernst  Z.  Rothkopf 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill,  NJ  0797* 

1 PROF.  FUMIK0  SAME JIM A 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  TENNESSEE 
KNOXVILLE,  TN  37916 

1 Dr.  Irwin  Sarason 

Department  of  Psychology 
University  of  Washington 
Seattle,  WA  98195 

1 DR.  HALTER  SChNEIDER 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  ILLINOIS 
CHAMPAIGN,  IL  61820 

1 Dr.  Robert  Singer,  Director 
Motor  Learning  Research  Lab 
Florida  State  University 
212  Montgomery  Gym 
Tallahassee,  FL  32306 

1 Dr.  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford,  CA  9*305 


1 Dr.  Kikumi  Tatsuoka 

Computer  Based  Education  Research 
Laboratory 

252  Engineering  Research  Laboratory 

University  of  Illinois 

Urbana,  IL  61801  . "« 

1 DR.  PERRY  TH0RNDYKE 
THE  RAND  CORPORATION 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90*06 

1 Dr.  Benton  J.  Underwood 
Dept,  of  Psychology 
Northwestern  University 
Evanston,  IL  60201 

1 Dr.  David  J.  Weiss 
N660  Elliott  Hall 
University  of  Minnesota 
75  E.  River  Read 
Minneapolis,  MN  55*55 

1 DR.  SUSAN  E.  WHITELY 
PSYCHOLOGY  DEPARTMENT 
UNIVERSITY  OF  KANSAS 
LAWRENCE,  KANSAS  660** 


1 DR.  ALBERT  STEVENS 

BOLT  BERANEK  & NEWMAN,  INC. 

50  MOULTON  STREET 
CAMBRIDGE,  MA  02138 

1 DR.  PATRICK  SUPPES 

INSTITUTE  FOR  MATHEMATICAL  STUDIES  IN 
THE  SOCIAL  SCIENCES 
STANFORD  UNIVERSITY 
STANFORD,  CA  9*305 
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